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ABSTRACT 


A study was made of procedures used by industry for allo- 
cating research and development investments. Areas of inquiry 
included levels and trends of R&D effort criteria upon which 
to base budget decisions, personnel selection criteria, appor- 
tlonment between basic and applied research and development, 
lead time to results, extension funding criteria, and worth 
evaluation. 

Results show a wide range of criteria in use, with princi- 
pal differences between industries and between companies of 
different sizes. 

Recommendations are made for use of the study results, and 
for further study and eventual development of a comprehensive 


decision model. 
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I.  INPRODUCT ION 


Within recent history, the United States has enjoyed a continually 
growing Gross Nacronan Product (GNP, the total value of all goods and 
services produced in a year). However, total research and development 
(R&D) in the United States decreased steadily over the ten year period 
ending in 1974 from approximately 3.0 percent to approximately 2.3 percent 
Om S32 billion of the total GNP of $1,396.7 billion. This decrease was 
shown both by changes in the percent of total GNP dollars spent for R&D, 
and by the decline of the percentage of population of scientists and en- 
gineers working in R&D in the United States [National Science Foundation, 
1975]. 

From Fiscal Year 1966 until the Fiscal Year 1977 budget, the research 
and development funding within the Department of Defense, and correspond- 
ingly within the Department of the Navy, has decreased in terms of buying 
power as a result of decreasing annual congressional budget authorizations. 
The decreasing trend in R&D has been accompanied by directed reductions 
in military and civilian manpower. The share of manpower seduces which 
the "R&D community" has had to accept has reduced the capacity for effort 
accomplishment. These effects have been reflected in increasing difficul- 
ty of justifying budget, and selecting individual projects or technology 
areas to be supported. A study which might contribute to aevetiopiene of 
improved or additional useful judgement and decision criteria was believed 
to be timely and potentially beneficial. 

Due to the prominence of the buying power of the Department of Defense, 


its declining trend in research and development has been thought likely 





to be the most significant factor affecting the overall national trend. 
As a prominent counter-effect, however, total expenditures for industrial 
research and development more than doubled from 1960 to 1974 to more than 
$22 billion in 1974. Eighty percent of all industrial R&D funds were 
spent by 100 companies engaged in five industries. Those companies spent 
one-half of the R&D funds for improving existing products, 35 percent for 
developing new products, and 15 percent for developing new processes 
[National Science Foundation, 1975] . Accordingly, successful, profit- 
motivated industry was considered as a proper area to seek decision cri- 
teria which may have aided in the success and growth of industrial R&D. 
Different sources vary in their predictions for the future trends in 
research and development. 
R&D spending has bottomed out and will turn upward in this cal- 
endar year. Many factors, including the molasses-fast decisiveness 
of Congress will hold off any rapid gains, but gains will come 
Slowly at first, then with increasing speed. 
We see a $34 billion year in the research and development in- 
dustry. It's not a big gain over last year's figure, but it_is a 
gain, and that's a start in the right direction [ Jones, LOW.’ 
"Continued inflation in 1976 may cause continued economic weak-~ 
ness, Battelle comments. Nevertheless, in terms of current dollars, 
R&D activity seems to have returned to the high rate of growth that 
prevailed before 1968. 
The proportionate composition of both funding and performance 
of R&D will change little, Battelle says . . . [Chemical and 


Engineering News, 5 January 1976]." 


The proposed Federal funded R&D budget for Fiscal Year 1977 is $23.5 


billion, up about ten percent over Fiscal Year 1976. This increase will 

give a solid effort gain providing the estimated inflation rate of 6.5 

percent is not exceeded [ Chemical and Engineering News, 26 January 1976] . 
In view of the foregoing predictions, the timeliness of a study of 


expenditures for R&D in industry was considered appropriate. 





a HE PROBLEM 


The allocation of limited funding and manpower to nationally promi- 
nent research and development efforts has become a highly visible, poli- 
tically sensitive procedure. Within the Navy, development of adequate 
justification to satisfy the myriad of decision review echelons, often 
has included a field or laboratory commander, Navy Headquarters, Depart- 
ment of Defense reviewers and Congressional committees. This has created 
a detailed and extensive major task for the office supporting the project. 
Once justified, the political prominence of a project then virtually 
assures availability of supporting resources. Many other important sup- 
porting types of R&D, equally necessary to overall progress, never reach 
the political prominence required to get the financial support needed to 
do the task correctly. Historically, within this latter group has been 
general support funding for the Navy ‘Research and Development Labora- 
tories’ under the support of the Chief of Naval Material, and the several 
“Development, Test and Evaluation" facilities of the various Systems 
Commands and equivalent echelons. 

Development and maintenance of “centers of excellence", generalized 
technology areas, unique test and evaluation capabilities and facilities, 
and support of academic, industrial, and analogous independent research 
and development endeavors have been difficult to Support. 

The Committee on Federal Laboratories [1973], in a study made for the 
Federal Council for Science and Technology, attempted to formulate a 
method to measure the performance of Federal research and development 
laboratories. It was recognized in that study that some peer criticism, 
periodic project reviews, time and cost studies, benefit analyses, and 


other rough measures of the quality of effort aided management in 
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assessing the performance of R&D laboratories in many cases. However, 
the general conclusion was that 'no general performance measure for 


Federal R&D can be recommended at this time." 


B. POSSIBLE BENEFITS TO BE GAINED FROM ALLOCATION CRITERIA 


Realistic, relatively objective and non-political proposed evaluation 
criteria for R&D should simplify and expedite the budget allocation pro- 
cedure and lead to more productive research and development. 

Improved understanding of the interrelationships of resources such as 
manpower and key equipment which are becoming progressively costly and 
scarce should encourage more effective distribution, sharing or alloca- 
tion of such resources. 

Quantifiable decision factors could be discovered and developed which 
would replace the subjectivity of peer evaluation as comparative judge- 


Ment tools for allocation decisions. 


fee POBIECTIVE 


The objective of this study is to determine industrial research and 
development resource budgeting, allocation, selection and evaluation 


procedures for possible application within the Department of the Navy. 


tee SCOPE OF THIS THESES 


This thesis surveys the characteristics of various research and 
development decision policies and criteria as used by industry. 


Characteristics examined included budget allocation level, budget trend, 


HE 





most important project selection criteria, personnel and facility assign- 
ment criteria, research and development worth evaluation, and other 
factors and interrelationships. 

This thesis was limited to study of major industrial organizations as 
defined in the discussion of the determination of survey frame. It was 
recognized that an analogous survey of other categories of research and 
development performing organizations such as academic institutions, 
Federal laboratories, and non-profit (or not-for-profit) laboratories or 
corporations probably would be required to develop a comprehensive deci- 
Sion model for Navy or other government applications. Observations or 


recommendations developed from this effort were limited accordingly. 


eee) HYPOTHESES 


The approach to identifying industry research and development deci- 
Sion policies required adoption of some basic hypotheses as follows: 


1. The trend of R&D effort levels in general is increasing at a net 
of ten percent of industrial corporations. 


2. More than fifty percent of industry R&D efforts funding is based 
on a percentage of some financial index of the corporation 
concerned. 


3. For two-thirds of sponsoring companies, less than five percent 
of basic research efforts yield financially profitable results 
within five years. 


4. For two-thirds of performing companies, the majority of research 
efforts yielding results warranting follow-on development of new 
products, did so within four years of initiation. 


5. Availability/evaluation of technological expertise is the major 
factor is selection of the activity or individual to pursue the 
research and development effort in more than 70 percent of 
specific efforts. 


6. Financially quantifiable benefit of R&D effort is the most 
important factor in sixty percent of industrial evaluations. 
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Hypothesis 1 is an attempt to find if there is any correlation be- 
tween the increase in the R&D national budgetary level predicted by most 
literature, and the industry observed trend. The remainder of the hy- 
potheses developed, hypotheses 2, 3, 4, 5 and 6, are considered funda- 


mental and potentially useful to Navy decision model development. 


Il. METHODOLOGY 


The survey methodology was designed to encompass the following 
phases: 

Phase I. Personal Interivews 
Phase II. Literature Search 

1. Search Technique. 

2. Literature Review. 
Phase III. Development of a Survey Instrument 

1. Determination of Topics. 

Design of the Questionnaire. 


Zs 
3. Determination of Frame. 
4. Administration of the Instrument. 


A. PERSONAL INTERVIEWS 


Recognition of the need and possible benefits of the survey, or a 
sequence of surveys as initiated by this effort, resulted from the pre- 
sentation of a Navy R&D manager guest lecturer. Discussion with the 
lecturer, subsequent lecturers having other government or industry R&D 
management experience and responsibility, and the authors' experience 
emphasized the potential utility of a viable non-specific R&D effort 
decision or justification model. 

Additional interviews were conducted with selected R&D managers at 


Naval Systems Command office levels. 
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B. LITERATURE SEARCH 


1.. Search Technique 


An initial literature search was conducted using the National 
Technical Information System and the Defense Logistics Studies Informa- 
tion Exchange data bank systems. Concurrent library research of period- 
icals and books was pursued at public, university, and defense extablish- 
ment libraries. The services of a commercial information research 
organization were engaged. After consultation, a repeat search of the 
National Technical Information System was conducted. This search was 
augmented by searches of the Engineering Index and the Inform data banks. 
These searches were conducted using the key word combinations and group- 
ings of Research/Development (both words in any combination), Industrial 
(with) Research, Economic Budget, Cost, Civilian Investment, Cost (with) 
Analysis, and Research and Development, and the time frame of 1970 and 
SubSequent publications. Abstracts thus obtained, cross-referencing of 
articles, references and bibliographies of the items acquired, and the 
facilities of the Library of Congress, the National Science Foundation 
and additional search of university libraries yielded a wide spectrum of 
related publications. The more pertinent of these publications are ref- 
erenced as applicable, and enumerated in the List of References and 


Bibliography. 


Zo lgeterature Review 


During the literature review, the interrelationships of various 
facets of research and development were clearly evident as expected. 


Thus, it was infeasible to separate literature as exclusively relative 
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to any particular hypothesis. Facets and key concepts of: articles and 
publications were synopsized to aid correlation, and cataloging was 
limited to use as a ready reference system and for bibliography 
development. 

Literature relating to the characteristics judged most adaptable to 
possible Navy use formed the basis for developing the hypotheses to be 
tested. This literature further contributed to the concurrent develop- 


ment of the test instrument. 


C. DEVELOPMENT OF A SURVEY INSTRUMENT 


1. Determination of Topics 


The literature review provided the authors with a good under- 
standing of the problems of selecting R&D projects and evaluating the re- 
sults of R&D effort. The literature also generated a desire for informa- 
tion on more recent attitudes of high level executives toward the policies 
and the extent of R&D effort at their companies. In order to obtain the 
needed information, a questionnaire containing twenty-seven questions was 
designed and entitled "Survey of Research and Development Management" 
(Appendix B). The questionnaire was directed toward high level management 
personnel that were expected to have a good understanding of the R&D 
policies and procedures of their companies. 

The topic areas of investigation were: (1) R&D effort level, 

(2) R&D effort trends, (3) R&D budget formulation, (4) R&D budget break- 
down, (5) expectation of results from R&D, (6) R&D funding sources, (7) 
R&D project selection criteria, (8) staffing R&D sections, and (9) R&D 


evaluation. 
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2.  Desien of the Questionnaire 


The questionnaire was divided into three sections. Section One, 
Background Information, concerned the demographic aspects of the respond- 
ent and the respondent's company. Section Two, Budgetary Considerations, 
related to the company's policies and procedures on R&D budget allocation, 
funding, and expected results. Section Three, General Management, 
covered R&D staffing, program selection, effort implementation, effort 


trends, and program evaluation. 
3. Determination of Frame 


A survey of major prone enterprises was made to attempt to 
discover management criteria which might be useful in developing a manage- 
ment model for Navy or other Federal systems. The major businesses group 
was selected in order that any techniques discovered would be useful to a 
business comparable in size to major segments or laboratories of the Navy. 
Forbes’ 500s [1976 | and Fortune 500 [1976 | listings of American business 
and industry were used as a starting base for defining the survey frame. 

The Forbes’ 500s analysis tabulated four business measurement 
factors, namely assets, sales, common market value and net profit. Most 
Organizations listed among the top 500s were in more than one category. 

In consideration of the second hypothesis, which anticipated that most 
industries planned research and development budgeting as a percentage of 
some financial index, the most probable business measurement Wor. was 
a percent of sales volume. The sales 500 listing was judged most appli- 
cable for the desired survey. The Forbes' 500 sales listing was then 
expanded by including additional companies from the Fortune 500 


tabulation to compile the final survey mailing list. 
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4 Adminustrationswoteene Inst numenc 


All outgoing mailings were addressed to the "Director of 
Research/Development.'' The cover letter forwarding the questionnaire 
attempted to explain the nature and goal of the survey, to sincerely 
acknowledge the importance of contributions which the leaders of 
American industry and business would provide, and to assure all poten- 


tial respondents that the protection of anonymity would be provided in 


the data analysis. 


IIL. ANALYSES OF RESULTS 


During the literature review, definitions of basic and applied re- 
search seemed not to differ significantly among the Department of 
Defense, the National Science Foundation, academic institutions and in- 
dustry. Some government or industrial activities are, however, on 
Occasion organizationally segmented into development, testing, evalua- 
tion, laboratory, design and other categories. Accordingly, to aid in 
consistency in response and interpretation of this questionnaire, the 


following definitions were provided. 


BASIC RESEARCH includes original investigations for the advance- 
ment of scientific knowledge that do not have specific commercial 
objectives, although such investigations may be in the field of 
present or potential interest of the reporting company. 


APPLIED RESEARCH includes investigations directed to the dis- 
covery of new scientific knowledge that has specific commercial 
objectives with respect to products or processes ... , applied 
research differs from . . . basic research chiefly in terms of the 
objectives of the reporting company. 


DEVELOPMENT includes technical activities of a nonroutine na- 
ture concerned with translating research findings or other scienti- 
fic knowledge into products or processes. Development does not 
include routine technical services or other activities excluded 
from research and development. 
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A. GENERAL CHARACTERISTICS 


1. Responses to Instrument 


The survey instrument was mailed to 59/7 commercial organizations. 
Twelve responses were returned incomplete. Some of the reasons for in- 
complete forms were: (1) conflict with company policy as preventing in- 
formation release, (2) R&D was conducted by subsidiary company, there- 
fore desired information was not available, and (3) the company does not 
conduct research or development. Completed questionnaires, with minimal 
if any missing data, were received from 147 respondents; these form the 
basis for the data analysis. Twenty-six percent of the companies 


responded, with ninety-three percent of responses analyzable. 


Z. Analytical Techniques 


Upon receipt, each completed questionnaire was reviewed, response 
to Question 4 of Section One which gave the position title of the res- 
pondent was coded, missing data points were noted, voluntary comments 
were tabulated, and data was prepared for computer analysis procedures. 
Computer analysis was conducted utilizing the Frequencies with Statis- 
tics, Crosstabulations, Histograms, Scattergrams and Non-Parametric 
Correlation subroutines of the Statistical Package for the Social 
Sciences [ Nie, 1975]. 

Possible answers offered for selection for a specific question 
were progressive in value, but not necessarily uniform in value distri- 
bution. For example, Question 1 of Section One asked for the number of 
laboratories maintained by the company, giving a selection of answers as 


1, 2 to 5, 6 to 10, 11 to 15, or over 15 laboratories. While enesce 
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responses progressively increased in size or extent, the amount of change 
from one possible answer to the next was not always uniform; thus, in 
Statistical terms, the response ranking was ordinal (progressive), but 
not interval (in equal sized intervals). Kendall's or Spearman's corre- 
lation formulae were therefore appropriate for comparing data of this 
type. Application of these tests determined the relationship of factors 
(variables) tested. The magnitude of the value computed indicated the 
acceptance (similarity) or rejection (difference) of the related corre- 
lation or hypothesis. The Kendall's or Spearman's significance number 
(0.05, 0.01 or higher level of statistical significance, which signifies 
95 percent, 99 percent or higher confidence level respectively) indi- 
cates the probability that the relationship thus determined is not 
accidental. 

Coded answers to queStionnaires were analyzed using the computer 
programs referenced above. The Frequencies subroutine was used to in- 
vestigate the number of times a specific answer was indicated for each 
gGuestion. The Histograms subroutine was used to plot the distribution 
of these answers. The computed Statistics analysis indicated statistical 
characteristics and percentages of answers as related to a particular 
question. Crosstabulations and Scattergrams analyses were used to in- 
vestigate possible correlations between specific factors (variables) 
which might yield clues to the manner in which industry relates these 
factors. The results of the Non-Parametric Correlation computer program 
(Kendall's Tau and Spearman's Rho) were used to determine the degree to 
which the relationships were reliable or accidental. 

The most illustrative computer output results were reproduced 


and included in the appropriate Appendix of this thesis. 
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Analysis of responses was organized in the following discussion 


in relation to specific questions, groups of questions, segments of the 


questionnaire, and as applicable to a specific hypothesis, in the manner 


considered best explanatory. 


B. SECTION ONE - BACKGROUND INFORMATION 


This group of questions was included to provide background informa- 


tion on the company of the respondent and to provide credibility to the 


information obtained from the survey. 


1. Number of Laboratories 


Question l. 


How many research and/or development laboratories 
or facilities does your company operate? 

(1) OnereG2pieeent Oms53) 6 to LON Gell Come 
(5) over 15 


The U. S. Navy has many R&D Laboratories over the United States; 


therefore, it was believed important to obtain information concerning 


R&D management from some industrial companies with multiple facilities 


that possibly would be comparable to U. S$. Navy R&D operations. 


Approximately 42 percent of the companies responding had from 


two to five laboratories; 28 percent had only one. Eighty-six percent 


of all organizations had from one to ten laboratories. Only nine per- 


cent of the organizations, all with 10,000 or more employees, had more 


than 15 R&D facilities. 


2. Company Size 


Question 2. 


Your company size as indicated by total number of 
employees: 


(1) Less than 5,000 (4) 20,000 to 39,999 
(2) 5,000 to 9,999 (5) 40,000 to 79,999 
(3) 10,000 to 19,999 (6) 80,000 or more 
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Companies with 10,000 or more employees consumed over four- 
fifths of U. S. industrial R&D funds in 1971. One hundred of these com- 
panies accounted for three-fourths of all industrial R&D for that year 
[ Horwitch and Prahalad, 1976]. The size of the respondent's company was 
considered important, because the larger companies probably more closely 
approximate the U. S. Navy. 

The number and percentage distribution of various size respond- 
ing companies, as measured by their respective number of employees, is 


shown in Table l. 


TABLE 1 


DISTRIBUTION OF COMPANIES BY SIZE 





Number of Number of Percentage of 
Employees Responding Companies Responding Companies 

under 5,000 a 6 alt 

meou0 to 9,999 25 Leo 

momoO0 to 19,999 54 3 bi 

PyeOO0 to 39,999 ae Loa? 

40,000 to 79,999 20 35:0 

over 80,000 10 O26 





All possible answers to Questions 1 and 2 received response, 
thus showing that all types of major industry were represented. 

There was a moderate positive correlation between the company 
Size and the number of laboratories, as signified by a Kendall Tau of 
0.24 with a significance of .001. This confirms the expectation that, 
in general, a large number of facilities would be operated by a 


relatively large company. 


ZL 





3. Industry Classification 


Question 3. As a very general industry classification, the 


greater portion of your company's activities would 
be: 


(1) Durable goods industry 

(2) Non-durable goods industry 
(3) Services industry 

(4) Diversified industry 

This question was prompted by a study by Gellein and Newman 
[1973] on the accounting practices of several companies regarding costs 
incurred in industrial funded R&D. This study indicated approximately 
47 percent of the responding companies were engaged in durable goods in- 
dustries, 37 percent in non-durable goods, and 16 percent were diversi- 
fied. Services industries were not separately considered in this study. 

Durable goods were considered as items produced with an expected 
normal life of more than a year, such as machinery, automobiles and 
buildings. Non-durable goods were considered as being consumed or ex- 
pended within a relatively short period. Services referred to industries 
providing consumers with benefits other than physical goods, for example, 
airlines, utility companies and insurance companies. The diversified 
companies were engaged in some combination of the above industries. 

It was considered to be important to include the category of 
"services industry,'' because several services organizations are included 
in the Forbes' 500s and the Fortune 500 lists. Also, several Navy facil- 
ities’ missions include consulting, design support, inspection, test and 
evaluation and other functions which might logically be classed as 
services. 

The categories of activities or products of the responding com- 


panies were widely distributed with 33 percent of the companies produc- 


ing durable goods, 31 percent producing non-durable goods, 23 percent 
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diversified in products and interests, and only 13 percent engaged in 
service oriented activities. 

Nineteen of the twenty companies with more than ten laboratories 
were engaged in the production of durable goods or diversified products. 
No service oriented company had more than five facilities, and 71 per- 
cent of them had only one laboratory. The services organizations were 


concentrated in the middle sized group. 


4. Respondent Corporate Level 


Question 4. (Optional) Please specify your official title in 
the company organization. 


It was believed that the information obtained by the survey 
would have greater credibility if provided by a high level executive of 
the company who probably would have an optimal understanding of overall 
corporate policy. 

Four categories were defined and coded. Category one included 
presidents and vice-presidents, category two was defined as a major 
segment director or division manager, category three was related to a 
department or section manager, and category four was assigned to the 
respondents not identifying their respective title. Thirty-nine percent 
of the respondents who indicated their title were either presidents or 
vice-presidents, 38 percent were segment directors, 12 percent were de- 
partment or section managers, and only ll percent remained anonymous. 
The very high percentages in the first two categories indicated a len 
degree of executive interest and responsiveness. This factor was con- 
sidered to infer substantial validity of the policy indications shown 


by the remaining data. 
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C. SECTION TWO —- BUDGETARY CONSIDERATIONS 


This group of questions was designed to yield information on the re- 
cent industry R&D effort trend, the basis on which companies decide how 
much to spend on R&D. how the R&D effort is divided, lead times to reach 


R&D profitability, and what portion of R&D effort is company financed. 


fee R&D Effort Trend 


Question 1. How do you perceive your company's R & D effort 
over the past five years? 
(1) No significant change 
(2) Increased significantly 
(3) Decreased significantly 
(4) Suspended R & D efforts 
Laserson and Sperling [1972] found from a survey of a large num- 
ber of industrial research organizations that 47 percent of responding 
companies had reduced their R&D effort during the period 1968 to 1971. 
An opinion poll by Industrial Research [ January 1975] summarized 
the question "Is your company holding its R&D expenditures about even 
with those for 1970-73?" The results, when grouped, showed 30 percent 
about equal, 32 percent increasing, 28 percent decreasing, one percent 
dropped R&D, and eight percent other. This article further stated that 
"In 1973, 81% of the respondents felt that the amount of R&D in their 
company would increase, while in 1974, only 6224 felt that their 
expenditures would remain equal or increase slightly." 
The Federal budget for Fiscal Year 1977 submitted to Congress 
contained an eleven percent increase over Fiscal Year 1976 for Federal 
funded R&D. This increase of $2.5 billion brings the total Federal R&D 


Budset to S226 billion [ Chemical and Engineering News, 2 February 1976 |. 


The intent of this question was to learn the overall trend 
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experienced by major industries (as recognized by Forbes and Fortune) in 
research and development effort, in terms of combined internally and ex- 
ternally funded effort, for comparison with the referenced studies. A 
general R&D growth pattern over the last five years was indicated based 
on a 46 percent response of no change of effort together with a 45 per- 
cent response which showed a marked increase. Only nine percent of re- 
spondents recorded a marked decrease, and none suspended research and 
development during this period. The first hypothesis of this thesis, 
based on recent literature, predicted an increasing trend at a net of 
ten percent of industrial corporations. "Net'' was intended to mean the 
overall effect; that is, the percentage increasing minus the percentage 
decreasing. This survey strongly supported acceptance of the first 
hypothesis with a net of 36 percent indicating an increasing trend. 
Further correlation with answers to Section One questions re- 
vealed that of the 30 companies with more than 40,000 employees, 17 had 
Stable R&D efforts, 11 had marked increases, and only two had marked de- 
creases. The above data inferred a much more optimistic future for 
growth of research and development effort than was reported in the 
studies of Laserson and Sperling, and the opinion poll of Industrial 


Research. 


Bee Lencentaze of Operating Budget 


Question 2. What percentage of your total operating budget does 
your R & D effort constitute? 
(1) Less than 2% (4) Satomiio7 
(2) 2wome 7 (5) Greater than 102 
(3) "5 sto—7 


The R&D expenditures of a company, as a percentage of its operat- 


ing budget, provides a measure of the "R&D intensity" level. Companies 
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are usually considered to be in the high intensity cakeeory 2f thee ae 
effort is more than two percent of the operating budget or of net sales 
[ National Science Foundation, 1975]. 

Over 62 percent of the companies responding indicated that less 
than two percent of their total operating budget was devoted to research 
and development. By the National Science Foundation criterion, these 
were classifiable as not R&D intensive. The moderately intensive group 
of from two percent to four percent included 26 percent of the respondents. 

Only five companies indicated greater than ten percent commitment; 
the two largest of these companies classified themselves as durable goods 
industry, two others as diversified, and the fifth as non-durable goods 
industry. The highly intensive research and development effort was not 


restricted to any specific category or size of industry. 


3. Financial Index and Percentage of Index 


Question 3. Annual R & D budgetary level is planned as: 

(1) A percentage of net sales 

(2) A percentage of net profit before taxes 

(3) A percentage of net profit after taxes 

(4) A percentage of total operating budget 

(5) Specified other corporate financial index 

(6) Limited to active contracts; i.e., no in-house 
development 

(7) Not related to a financial index or factor of 
corporate operations. General basis is 


Question 4. Total R & D budget is limited to: 

(1) Not to exceed 2% of the above indicated 
financial index 

(2) Not to exceed 4% of the above indicated 
financial index 

(3) Not to exceed 7% of the above indicated 
financial index 

(4) Not to exceed 10% of the above indicated 
financial index 

(5) Other 


The National Science Foundation [1975 | definition of R&D 
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intensive effort as a percentage of operating budget or Sales was 
reflected in these questions. 

The second hypothesis proposed that more than fifty percent of 
industry R&D efforts funding was based on some corporation financial in- 
dex. Questions 3 and 4 attempted to prove the hypothesis, and to deter- 
mine the extent of the budgeting based on the respective indexes. 

The first analysis of coded answers to Question 3 indicated 
that 61 percent of answering companies do not budget R&D based on any 
financial index. An additional four percent used active contracts as a 
basis for budgeting. Therefore, the second hypothesis was rejected. 

The null hypothesis, that less than fifty percent of industry R&D 
efforts funding is based on a percentage of some corporate financial 
index, was accepted. 

Of the 35 percent that did specify a financial index as a base 
for budgeting, nearly two-thirds (30 companies) used a percentage of 
sales. 

Sixty-one percent of the respondents also indicated, in Question 
4, that they used a basis other than a percentage for funds allocation. 
Nearly 13 percent did not answer this question. 

The last answer available for selection in each question was in- 
tended to allow respondents to indicate some financial index or charac- 
teristic not previously discussed in the literature or otherwise consi- 
dered. In this respect, all but one of the companies specifying "not 
related" to Question 3, also answered "other" or did not answer Question 
4. However, most did offer clarifying comments as tabulated in 
Appendix A. 


Of the 88 responses marked "not related to any index," 35 of 
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these, or 24 percent, indicated the R&D budgetary level was determined 
by the company management's assessment of needs and requirements. Seven 
respondents indicated R&D budget was planned as opportunities arose, and 
six indicated the value of a project was the determining factor. 
Responses tabulated in Table 2 show that the most frequently indicated 


eanewer was ‘need." 


TABLE 2 


INDUSTRIAL BASIS FOR R&D BUDGET PLANNING 


Basis or Index Company Responses Received 
Number of Responses Percentage of Responses 

Perceived Need oD 24 
Net Sales 30 Zale 
Total Budget 1Z 8 
Opportunities 7 By 
Value of Projects 6 4 
Outside Financed 6 4 
Profit After Taxes 3 2 
Other Index 3 2 
Profit Before Taxes Z 1 
Miscellaneous 40 28 


NOTE: Percentages are rounded to the nearest whole number. 


The respondents indicating “other" as an R&D budget limit, speci- 
fied various criteria for their maximum R&D budget level. The most fre- 
quent comment, approximately 20 percent, stated that their company had 
no specified limit on the R&D budget amount. Of the 90 responses that 


indicated "other" budget limit, 34 did not volunteer any criteria for 
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setting their R&D budget limit, thereby restricting amar ous, ce 


specific comments on this question are also included in Appendix A. 


je R&D EEfort Distribution 


Question 5. What percentage of R & D effort is directed toward 
basic research? 


(1) Less than 5Z (3) 10 to 14% (5) 20% or greater 
(2) 5 tome (4) 15 tome: 

Question 6. What percentage of R & D effort is directed toward 
applied research? 
(1) Less than 10% (3) 20 to 29% (5) 40 to 49% 
(2) 10 to 19% (4) 30 to 39% (6) 50% or greater 

Question 7. What percentage of R & D effort is directed toward 

development projects? 
(1) Less than 207% (39) 40°tome97 = G mecOmco 2007 
(2) 20"to 3597 (4) 60 to 79% 

These questions were designed to give information on the relative 
emphasis on industrial basic research, applied research, and development 
to compare with the literature findings. In an attempt to achieve uni- 
formity in answers and interpretation, National Science Foundation defi- 
nitions of basic research, applied research, and development were 
included in the questionnaire instructions and were repeated in part D 
above. 

The breakdown of overall resource allocations to research and 
development as reported in 1974 was 13 percent for basic research, 23 
percent for applied research, and 64 percent for development. This in- 
cluded efforts funded by Government, industry, educational institutions 
and others. The industrial funding allocation was three percent for 
basic, 18 percent for applied, and 79 percent for development [ National 
Science Foundation, 1975]. 


The Federal Government share of the basic research effort has 


increased from 60 percent to 70 percent over the time period from 1960 
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to 1974. The Universities have increased the funds:expended on basic 
research from six percent to 1l percent of the total research budget 

over the period from 1960 to 1974, while industrial funding has decreased 
for basic research from 28 percent to 11 percent over the same period. 
The trend by industry to shift their effort toward applied research and 
development "has been so great that, in some cases, there has been a 
danger of its squeezing out disinterested research, which would have 

been as absurd as killing the goose that lays the golden eggs [ Auger, 
1975 |." 

As much as 90 percent of an industrial company's development 
effort is engineering related to new products and the remainder is re- 
search according to the vice-president of engineering of a large indus- 
trial company [ Commerce Today, 1974]. 

In contrast to some of the above literature indications, this 
survey seemed to indicate more emphasis on applied research, and a slight 
decrease in development effort. The order of importance was the same as 
previously reported for industry, however. Of the companies responding, 
80 percent allocated less than five percent of their R&D budget to basic 
research. Over 50 percent denoted that 20 percent of more of the R&D 
budget was allocated to applied research, and 60 percent directed 60 per- 
cent or more to development. The relative efforts by category of R&D, 
as indicated by survey responses, are shown in the Computer Output for 
basic research, applied research, and development. 

Table 3 relates these breakdown ranges and shows the shift in 


the nature of R&D effort as indicated by the responding companies. 
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TABLE 3 


RESEARCH AND DEVELOPMENT EFFORT EMPHASIS BY CATEGORY 





Percentage Percentage of Responding Companies 
ol i 
Effort Basic Research Applied Research Development 
Under 5 80.1 
19.7 
Eo! 9 O26 
4.8 
moto 14 yo 
245 
ime co 19 oe 
maw to 29 * o.4 Owe 7.5 
eOmto 39 Oe 
40 to 49 1) ee? 
Die 
SQ) to» 59 Mex Ie 
60 to 79 Doe 
80 to 100 35.4 
* 


20 percent or greater. 
** 50 percent or greater. 


ee 


R&D Lead Time 


Question 8. 


Question 9. 


Question 10. 


What percentage of basic research projects yield 
financially profitable results within five years of 
initial research? 

(1) Less than 2% (4) 8 to 10% 

(2Raeeeto 44 (5) Greater than 107 
(3) 5 Go/7, 


Of those basic and applied research efforts that 
lead to a decision to go ahead with development, 
the majority of them involve a time period from 
initiation to development decision of: i 

(1) Less than 2 years (4) 11 to 20 years 

(2) 2 to 4 years (5) More than 20 years 
(3) 5 to 10 years 


Of these R & D projects that lead to useful or 
profitable products, the majority of them involve 

a time period from initiation to profit of: 

(1) Less than 2 years (4) 11 to 20 years 

(2) 2 to 4 years (5) More than 20 years 
(3) 5 to 10 years 
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It is very difficult to determine an average for the percentage 
of projects that became successful out of all the projects that were 
begun in the R&D community. It has been estimated that among products 
that have emerged from R&D departments as technical successes, only one 
in three ultimately develops into a commercial success. Other estimates 
state that only one of twenty-five products that are test marketed 
become successful [ Roman, 1968]. 

"The average period elapsing between the time when a new process 
is discovered by applied research and the time when the substance or 
apparatus produced by the process is placed on the market has been great- 
ly reduced since the beginning of the century - from several years to a 
few months in some cases [ Auger, L755 

The anticipated return on R&D takes place beginning three to ten 
years after project initiation into the development phase. It is not 
unusual for twenty years to elapse, from the basic research phase, before 
commercialization of a product begins [ Laserson and Sperling, 1972]. 

The cost of implementing an invention or discovery can create a 
long delay in gathering needed funds. The capital needed to apply an in- 
vention to a useful purpose averages about five times the cost of the re- 
search and development that made the invention possible [ The Economist, 
1975 ]. 

It was evident that very few R&D projects which were begun ever 
became successful, and that those that were successful had long lead 
times. The above questions, as a group, attempted to determine the 
current success ratio and relative lead time of the successful projects 
© efforts. 


Of the companies responding, 68 percent indicated that less than 
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two percent of their basic R&D projects became profitable within five 
years after beginning the research. An additional three percent of the 
companies indicated that from two to four percent of their basic re- 
search was profitable within this time frame. The third hypothesis pro- 
posed that for two-thirds of sponsoring companies, less than five percent 
of basic research efforts yield financially profitable results within 
five years. This total of 71 percent with less than five percent prof- 
itability from basic research within five years was considered as vali- 
dating and accepting the third hypothesis. By contrast, 13 percent 
indicated that over ten percent of their basic R&D projects yielded a 
profit within five years. 

In response to Question 9, the largest group, 44.4 percent, in- 
dicated that the decision to go into a development program for a project 
occurred from two to four years after initial research began. [In addi- 
tion, 21.8 percent indicated less than two years to a development deci- 
Sion. The fourth hypothesis predicted that, for two-thirds of the 
performing companies, the majority of research efforts yielding results 
Warranting follow-on development of new products did so within four 
years of initiation. When combined, these two groups represent 66.2 
percent of the total respondents; therefore, the fourth hypothesis is 
marginally rejected. The null hypothesis was accepted, that for one- 
third of performing companies, the majority of research efforts yielding 
results and warranting follow-on development of new products required 
more than four years from initiation. The longer period of five to ten 
years was indicated by 31.0 percent of the companies, and the period ll 
to 20 years by an additional nearly three percent. 


In response to Question 10, nearly 50 percent of the respondents 
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Stated that the R&D projects that did become profitable, did so within 
five to ten years after initiation. Only 12 percent indicated lead 
times less than two years, and 32 percent realized profits between two 
and four years subsequent to initial research. Recognizing that a deci- 
Sion to go ahead with development of new products (Question 9) does not 
automatically mean profitability, Question 10 attempted to determine any 
relationship between the time to "go-ahead" and the time to profitabil- 
ity. The computed Kendall's Tau correlation factor related to these two 
variables was 0.43 with a significance of 0.001, which inferred a very 
high confidence in a strong correlation. This correlation means that 
the trend of the percentages indicates that as the time required from 
project initiation to a development go-ahead decision became longer, so 
did the support time requirement to reach a profitability situation. 
However, the added effect which can be inferred by this comparison of 
shifts of percentages was that any increase in development time caused a 
substantially greater increase in time to reach profitability. 


Table 4 shows this relation between these two factors. 


TABLE 4 


LEAD TIMES FROM INITIATION OF R&D EFFORTS 


Percentage of Respondents Indieating Ledas lime 


Years To Development To 
Go-Ahead Decision Pron tap ilentey 

Under 2 2 Las HL Fi 

2 to 4 44.4 32:.4 

peto 10 | aio ao 

i to 20 a0 6.2 
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Comparison of answers to these questions also inferred thats Lt 
Question 8 had allowed a variance of time, or particularly a longer time, 
the percentage of successful efforts reported would probably have been 
greater. Since several responding companies indicated, as tabulated in 
Appendix A, that they did not conduct basic research, it was not sur- 
prising that many more "missing" data points were coded for Question 8 
than for Questions 9 and 10. 

Considering the three questions as a group, data were inter- 
preted as showing that a substantial proportion of industry willingly 
supported R&D efforts over sustained time periods in the expectation of 


eventual, but not guaranteed, payoffs. 


6. Percentage of R&D Internally Funded 


Question ll. What percentage of your basic research effort is 
internally funded? 


(1) Less than 20% (4) 60 to 79% 
(2) 20° co™B9% (5) 80° comigo 


(3) 40 to 592% 


Question 12. What percentage of your applied research effort 
is internally funded? 
(1) Less than 20% C)y"60r to 77 
(2)me2:0 vomeg7 (5) 80 to 1002 
(340 £oe597 


Question 13. What percentage of your development effort is 
internally funded? 


(1) Less than 20% (4) 560 tous. 
(2) 20 toue97 (5) 80 to #002 


(3) 40 to 592 
The literature survey in general indicated that a significant 
portion of industrial R&D was funded by other than the performing 
companies. 
Questions 11, 12, and 13 were designed to determine the level of 


internal funding, and also to discover any strong tendency to seek 
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outside funded effort. It was evident from the data that most of the 
industrial R&D effort was funded directly by the performing companies. 
Eighty-three percent of respondents conducting basic research internally 
funded more than 80 percent, while only 12 percent funded less than 20 
percent. A larger percentage, 84 percent, funded more than 80 percent 
of their applied research, and 88 percent funded over 80 percent of 
their development effort. A positive correlation was found between the 
company size and the companies that internally fund their basic research 
effort, as indicated by a Kendall Tau of 0.23 with a significance of 
0.001. This was interpreted to indicate that the larger the company, 
the more likely it is to conduct its own research. 


The survey responses to these questions are summarized in Table 


Dis 
TABLE 5 
PERCENTAGE OF R&D EFFORT INTERNALLY FUNDED 

Percentage of Percentage of Responding Companies 

R&D Funded crn 
by Respondent Basic Research Applied Research Development 
Less than 202 Piess el. Al. 

ZOnto 39% i On7 2a 

40 to 59% 2.4 D0 2 lk 

ao to 79% 16 4.2 4.1 

80 to 1004 S27 84.0 87.6 
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D. SECTION THREE - GENERAL MANAGEMENT 


This section of the test instrument was designed to provide informa- 
tion on the management of R&D in the industrial sector for possible clues 
to a system that would improve Navy management effectiveness and efficiency. 

The federal government has been criticized many times for the manage- 
ment of resources under government control. One of the criticisms was: 
"federal-funded civilian research and development is not sufficient to 
bring about technological change in the private sector to any signifi- 
cant extent [Government Executive, June 1976] ." This article reviewed a 
report by Arthur D. Little, Inc. which indicated that the federal govern- 
ment was doing very little to "push" and "distribute" technological in- 
novations to the industrial community where the major benefits could be 
realized. According to this report, for technological innovations to be 
implemented, convergence of six elements was required. The elements pro- 
posed were (1) knowledge generated through R&D, (2) user need, (3) an ad- 
vocate or champion, (4) availability of resources, (5) favorable risk 
factors, and (6) favorable timing. It was suggested that the federal 
government could supply some of the missing elements, such as resources 


needed and favorable risk factors to expedite the innovations. 


i, Frimary Task Assignment 


Question 1. Selection and assignment of a specific R & D task 

to an organizational group or individual is based 

primarily on: 

(1) Availability of demonstrated project management 
expertise 

(2) Availability of technological expertise in-house 

(3) Formation of a new group incorporating both man- 
agement and technological expertise (includes 
organizational reassignment) 

(4) Availability of support personnel 
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(5) lf "capability ence existant in-house, GOntraer 
to best qualified management sub-contractor 

(6) If capability not existant in-house, contract 
to best qualified technologically qualified 
sub-contractor 

(7) Available in-house personnel with best back- 
ground adaptable with minimum training 

(8) Other 

selection and assignment of a specific R&D task to a group or 
individual was based primarily on the availability of in-house technolo- 
gical expertise, according to 47 percent of the respondents. MTwenty- 
five percent of the companies assigned R&D tasks by the availability of 
personnel with good background and adaptability to training for the spe- 
cific task. It was considered that background and adaptability for 
training reasonably represent an available technological capability 
needing only a relatively minor upgrading. Accordingly, it was believed 
that these two factors were sufficiently related to combine them for 
analysis. Seventy-two percent of the companies (the combination) 
assigned tasks on the basis of available in-house personnel either pos- 
sessing specific required technological background, or adaptability to 
be trained to perform the specific tasks. 

The fifth hypothesis contends that availability/evaluation of 
technological expertise is the major factor in selection of the activity 
or individual to pursue the research and development effort in more than 
70 percent of specific efforts. Accordingly, the above data were consi- 
dered as verifying acceptance of this hypothesis. The sixth answer 
offered for selection asked about choice of a sub-contractor on the 
basis of technological qualification. An additional six percent of re- 


spondents indicated this choice; therefore, the fifth hypothesis was 


considered as supported. 
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Erouece PrLOniuey, Criterion 


Question 2. Which R & D project objective would get highest 
priority at your company? 
(1) Reducing operating costs of processes 
(2) Timeliness (with respect to ) 
(3) Improving company's competitive position by 

providing better products 

(4) Probability of success of R & D project 
(5) Soundness of technological approach 
(6) Estimated cost 
(7) Product diversification for company growth 
(8) Other (specify) 


This question was to obtain an evaluation of R&D project selec- 


tion criteria among industrial companies and to compare the findings 


with the literature survey results. 


It is considered very important by most management personnel to 


define goals and objectives for the R&D effort within a company. Approx- 


imately 94 percent of companies performing a significant amount of R&D 


have specific objectives, however, only 79 percent have written objec- 


tives [ Seiler, 1965]. Most of these R&D objectives are formulated to 


Satisfy six basic goals: 


Loli. 


Ze 


To ensure that the corporation will continue to operate in 
areas of growing business activity. 


To make the best possible use of the corporation's resources, 
including scarce raw materials, technical specialties, and 
management talent. 


To utilize available markets and develop new ones to the 
fullest extent possible. 


To diversify the corporation's activities for maximum 
Stability. 


To ensure continuing and steadily increasing profits for the 
corporation. 


To contribute to the corporation's ability to accept appro- 
priate responsibilities in the social environment in which 
it operates." 
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It is believed that more effort should be given to defining more 
specifically R&D objectives in most companies. 

Industrial research projects have the objectives of (1) reducing 
operating costs, (2) improving the company's competitive position by pro- 
viding quality products and technical assistance, and (3) developing new 
investment opportunities for the company and opening additional markets 
for new or present products [ Roman, 1968 |. Project selection depends on 
quantitative and qualitative factors that are very difficult to deter- 
mine in most cases. Mr. Roman very accurately described the project 
selection situation in his statement: 

"Everything involved in project selection is relative. It is 
nigh on impossible to establish a quantitative formula which takes 
all the subjective factors into consideration. From the many as- 
pects of a project and their varying effects, it is apparent that 
no set format will answer all management's decision-making needs. 
Methodology can be employed as a screening process prior to the 
final decision. A quantitative approach will narrow the possibil- 
ities and provide a smaller field of focus, but the capability and 
intuition of the decision-maker may well be the most critical ele- 
ments in project selection." 

R&D project selection in the government differs from that in pri- 
vate industry primarily because of the different objectives involved. 

In industry, the need and potential profit are the two most compelling 
factors affecting project selection, while in government, the driving 
force is mission accomplishment. These differences in objectives change 
the relative weights on other factors of project selection, such as pro- 
ject cost, cost savings and personnel requirements. 

"The selection of projects upon which to expend resources in any 
company involves consideration of many factors. Some of these factors 
are requirement, soundness of technological approach, probability of 


project success, timeliness of the project, and estimated cost [ Das, 


1969]." Das performed a study to see if reliable project selection 
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could be made based on these factors alone, and came to the conclusion 
that the measures of importance of projects probably have significant 
association with additional factors not considered in his study. 

There are certain criteria that can be used during the R&D plann- 
ing stage to measure the probable success of a research program. These 
criteria are normally associated with consideration of (1) goals of the 
sponsor, monitor, and researchers, (2) competence of the research per- 
sonnel, (3) value of the program and progress made, (4) the recognition 
granted by all parties concerned, and (5) specific results [ Salkovitz, 
Armstrong, and Howe, 1970]. Attempts to apply linear programming tech- 
Niques to the problem of project selection for the allocation of re- 
search and development resources appear to have some merit [ Freeman and 
Gear, 1971}. 

The data of this survey well supports the general objectives of 
industrial R&D as proposed both by Seiler and by Roman since improving 
the company's competitive position by providing better products was se- 
lected as the primary objective for the R&D effort by 54 percent of the 
respondents. Seventeen percent of the companies indicated cost reduc- 
tion as the primary objective, and eight percent indicated company growth. 

In addition to the respondents placing importance on cost reduc- 
tion, other respondents also agreed with the proposals made by Das 
[1969] ; seven percent indicated timeliness, and three percent cited 
probability of success. 

Numerous comments were offered by the eleven percent of the re- 


spondents who selected " 


other'’ as an answer. These comments, and addi- 
tional ideas by companies that selected specific offered answers to the 


question, were tabulated in Appendix A. Several of these comments 
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indicated that more than one or all of the suggested criteria were used 
in establishing project priority. As to what might be considered an 
opposite extreme, some comments indicated government regulations as a 


determining factor. 


3. Budget Commitment Stage 


Question 3. At what stage in the budget formulation process is 
the funding level committed for R & D? 
(1) Beginning of the planning phase 
(2) When sales estimates are made 
(3) When profit estimates are made 
(4) At end of budget allocation, providing funds 
are available 
(5) Other (specify) 


The importance of long range planning of R&D cannot be over em- 
phasized. Many authors feel that R&D planning should be for a minimum 
of five years and the planning process should follow seven major steps: 


"1. Specify as clearly as possible the basic technological objec- 
tives which are of primary interest. These may be stated 
broadly at the beginning but must eventually be broken down 
into particular areas. 


2. Identify the goals toward which the company is working, which 
ideally are set forth in the corporate and the research 
objectives. 


3. In keeping with the preceding two factors, seriously and imag- 
inatively consider all possible results which may be achieved 
if the research efforts are successful. 


4. Rank the hypothetical capabilities of the research efforts as 
determined in the preceding step, in terms of their potential 
contribution to the achievement of specific goals. The rank- 
ing should provide insight into the efforts needed to achieve 
the corporate or the research objectives. 


5. Outline the principal technological steps which are required 
to achieve the hypothetical research results listed in the 
preceding step. Such an outline should uncover the more sig- 
nificant gaps in existing knowledge. 
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6. Select the small number of high-value research results, as 
determined previously, which have reasonably well-specified 
steps and a minimum number of knowledge gaps. Give these re- 
sults further examination and consideration for full-scale 
research efforts. 

7. Remain alert to any developments that could significantly 
change the value ratings.used in the preceding steps. When 
research breakthroughs fill in missing knowledge gaps, the 
process should be repeated." 

The accomplishments of the above steps may prove to be difficult 
in many cases, however, they are considered necessary for meaningful, 
realistic planning [ Seiler, 1965]. 

Some of the major difficulties encountered in planning basic re- 
search are: (1) feedback is long delayed, (2) the research is not re- 
peated, (3) sometimes the attitudes of those working together on a 
project are at cross-purposes, (4) attitudes of those involved in re- 
search can hinder plans, and (5) research plans can be rendered obsolete 
by inventions elsewhere [ McGlauchin, 1968]. 

The planning and budgeting of R&D has been recognized almost uni- 
versally as a very difficult task and broad enough in scope to justify a 
study by itself. For purposes of this survey, the question was inten- 
tionally simplified and attempted only to determine the basic time in 
the budgeting process when commitment of funds is actually planned or 
specified to support R&D effort. 

Nearly one-half of the responding companies committed funds to 
R&D effort at the beginning of their budget planning phase. Research 
and development budgeting, therefore, was a prominent part of the fiscal 
planning cycle for this group. 

Sixteen percent (23 companies) indicated that R&D funding was 


committed when profit estimates were made. No attempt was made in this 


questionnaire to learn when profit or sales estimates were made relative 
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to other parts of the planning cycle. 

Ten percent (15 companies) indicated that R&D funding commitment 
was made when sales estimates were made. Of these 15 companies, only 
seven were among the group of 30 companies that had indicated planning 
as a percentage of sales in response to the earlier question. 

It appeared that the use of a controlling financial index for 
R&D budgetary planning factor was not necessarily coordinated with the 
development of the budgetary plan. This attested both to the complexity 
of the budgeting process, and the decisions related to R&D funding 
Support. 

An additional 1l percent of the respondents committed R&D fund- 
ing at the end of the budget allocation process provided funds were a- 


vailable, and 13 percent determined R&D funding at other times. 


4. Equipment Acquisition Method 


Question 4. If you anticipate equipment requirements for R & D 
effort in addition to current R & D capability, 
your most common acquisition method is: 

(1) Purchase to establish or maintain general 
research capability 

(2) Purchase for specific R & D task 

(3) Transfer to R & D upon completion of other 
usage 

(4) Develop in-house as need arises 

(5) Other (specify) 


some previous surveys or treatises on research and development 
have recognized the importance of making "the best possible use of the 
corporation's resources [ Seiler, 1965]." No literature was discovered 
which presented results of inquiries into policy or procedure as prac-— 


ticed to support R&D equipment requirements. 
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"Successful research and development revolve around the crea- 
tive, talented scientist. Nothing useful or valuable can be done 
without the trained, talented, innovative human brain. 


But the researcher can be severely limited, and at times pre- 


vented from making progress, if his research tools are inadequate 
[Industrial Research, January 1975]." 


Less than two percent of responding companies in this survey 
transferred equipment within house for R&D uses. This indicated that 
nearly all companies obtain and commit needed equipment directly for R&D 
Support. 

Fifty-two percent of the companies purchased equipment to per- 
form specific R&D tasks. Thirty-five percent purchased equipment to es- 
tablish or maintain general research capability, seven percent developed 
their own equipment for R&D, and about four percent obtained R&D support 


equipment from other sources. 


>. Funds Reprogramming Criterion 


Question 5. What is the most important criteria of your policy 

regarding reprogramming of R & D funds? 

(1) As new opportunities or ideas are generated 

(2) Upon failure of existing R & D projects to 
materialize useful results/products 

(3) Based on periodic review of all ongoing efforts 

(4) Observed/predicted major shift of competitor's 
direction of effort 

(5) Other (specify) 


The need for and capability to fund a research and development 
effort which occurs between established or normal budget cycles has led 
to many difficult decisions such as which projects to cut. 

In one related discussion of R&D budgeting, the importance of 
asking eight basic questions of a candidate project for research and de- 
velopment fund allocation were specified: 


i Can it be done? 
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NO 


Can the company do it? 

3. Are the necessary resources likely to be available to success- 
fully manufacture and market the product or to implement process 
improvements? 

Is there a real demand or can one be created? 

Can the product be profitably made and sold at a price which 
assures steady demand? 

6. Is the company capable of successfully marketing the product? 
What is the competition doing and how will it react? 

8. How do the potential benefits compare with the apparent risks 
[ Jones, LOTS 


in 


~~ 


Question 5 attempted to determine which of the suggested, or 
other, reasons or policies for "between the cycle" funding changes was 
most used. 

The reprogramming of R&D funds was accomplished mainly at period-— 
ic reviews by 61 percent of the companies. New opportunities or ideas 
were the basis for an additional 31 percent of the companies initiating 
funds reprogramming action. The remaining eight percent cited other rea- 
sons for reprogramming, including project failure and the competitive 


efforts of other companies. Each had less than three percent. 


6. Personnel Assignment Method 


Question 6. How are most personnel assigned to R & D projects? 

(1) Hired and trained especially for the specific 
R & D effort 

(2) Assigned as a result of past performance in 
other area 

(3) Assigned from permanent R & D staff 

(4) Hired to acquire specific technological 
capability 

(5) Cener (specrty) 


This question was intended to further clarify the acceptance or 
rejection of the fifth hypothesis regarding the importance of technologi- 
cal expertise, and to find if there were any predominant personnel poli- 
cies in industrial practice. 


The data indicated that personnel were assigned to R&D projects 
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from their permanent R&D staff by 59 percent of the companies, while an 
additional 22 percent indicated the R&D personnel assignments were made 
on the basis of past performance. Upon review, it was apparent that 
these two categories could be easily confused or both applicable in many 
cases. Therefore, no additional conclusions were made regarding the hy- 
pothesis. Over eight percent of the companies hired personnel for spe- 
cific R&D tasks, six percent hired personnel for specific technological 
expertise, and four percent had other reasons for assigning personnel to 


R&D projects. 


7. Percentage of R&D Contracted-Out 


Question 7. What percentage of your R & D effort is sub- 
contracted out? 


Less 

than 5% 5-254 26-50% 51-75% 76-1002Z 
Basic research (1) (2) (3) (4) (5) 
Applied research (1) (2) (3) (4) ‘Sp 
Development (1) (2) (3) (4) sy) 


During the six years preceding 1973, Industrial R&D Laboratories 
in England had grown at a 25 percent per year rate. These laboratories 
perform research and development for different companies which increase 
the emphasis on ethical conduct of the laboratories [ Sharples, Lome. 
The literature suggested that, in England, an increasing number of com- 
panies were contracting-out some or most of their R&D effort. The above 
question was intended to obtain information on the amount and type of 
R&D effort contracted-out in the United States. 

More than three-quarters of the responding companies contracted- 
out less than five percent of their total R&D effort in any category. 
The percentage of companies responding to this question in each R&D cat- 
egory with the indicated percentage of effort contracted-out is shown in 


Table 6. 
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TABLE 6 


PERCENTAGE OF R&D EFFORT CONTRACTED-OUT 


Percentage of Percentage of Responding Companies 
R&D Effort eS 
Contracted-out Basic Research Applied Research Development 
Less than 52 one 7-30 G2 
5-25% 10.4 14.0 13.9 
26-50% Se 4.9 S25 
51-75% Zee 0 On? 
76-1002 OF), 3a) Se 


Table 6 shows that less than one-fourth of the companies con- 
tracted-out any significant proportion of their basic research. A rela- 
tively strong negative correlation was found between company size and 
basic research contracted-out, as indicated by a Kendall Tau of -0.25 
with a significance of 0.001. This shows the tendency of the larger com- 
panies to perform their basic research within their own facilities. 

A smaller percentage of the overall applied research and develop- 
ment was contracted-out than the basic research, as nearly 80 percent of 
the companies contracted-out less than five percent of their applied 
effort. The larger companies also performed in-house a larger percentage 
of both categories, applied research and development, than the smaller 
companies as verified by Kendall Taus of -0.20 and -0.22 respectively, 
each with a significance of 0.001. 

One-half of the companies contracting-out more than 50 percent of 
their R&D effort were utility companies. One of these companies offered 


aS a general comment "The R&D work among the electric utilities, 
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especially that conducted by the Electric Power Research Institute, 


constitutes a special case . c 


8. Percentages of Externally Funded R&D 


Question 8. What percentage of total R & D effort performed by 
your company is externally funded? 


Less 
than 5% 5-25% 26-50% 51-752 76-1002 

Government 

basic research (1) (2) 3) (4) (5) 
Government 

applied research (1) Ca (3) (4) (5) 
Government 

development (1) (23) (3) (4) (5) 
Other commercial 

basic research Cp) (2) C3) (4) (5) 
Other commercial 

applied research (1) (2) (3) (4) (5) 
Other commercial 

development (1) (2) (3) (4) (5) 


Tables 7 and 8 show the percentage of responding companies con- 
ducting research and development effort in the various categories funded 


by government or other commercial sources respectively to the extent 


indicated. 
TABLE 7 
EXTERNAL R&D FUNDING BY GOVERNMENT SOURCES 
Percentage of Percentage of Responding Companies 
Externally Funded a 
R&D Basic Research Applied Research Development 
Less than 52 Sure 8226 S556 
5-254 L5 oe 7.4 
26-504 ao oa Zao 
51-75% O76 3-0 aS 
76-1002 4.5 See Darl 


49 





TABLE 8 


EXTERNAL R&D FUNDING BY COMMERCIAL SOURCES 


Percentage of Percentage of Responding Companies 

Externally Funded KM 
R&D Basic Research Applied Research ~° Development 

Less than 52 ore 89 16 87 .6 

5-~25% lS 3 Dial 

26-50% ZS Zee Dia 

51-75% 0 0 2 2 

76-1002 3 4.4 Ze 


Approximately two-thirds of the respondents to this question 
indicated less than five percent external funding in all six categories. 


Two companies reported 76 to 100 percent in all six categories. 


9. Trends of Externally Funded R&D 


Question 9. Of those efforts indicated in question 8 above, the 
following past five year trends have occurred: 


Increased Decreased Varied Stable 


Government 

basic research (1) (2) (3) (4) 
Government 

applied research (1) (2) Cy (4) 
Government 

development (1) (Zz) (3) (4) 
Other commercial 

basic research (1) @Q) (3) (4) 
Other commercial 

applied research (1) (2) (3) (4) 
Other commercial 

development (1) (2) ay (4) 


The histograms representing responses to Question 9 are 


Summarized in Tables 9 and 10. 
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TABLE 9 


PERCENTAGE TRENDS IN EXTERNALLY FUNDED R&D 


*Percentage of Responding Companies 
R&D Category —— TS 
Increased Decreased Varied Stable 


a 


Government basic research 9.7 16.8 3235 69.9 


Government applied research 14.8 1 3a0 37S) 68.7 
Government development Dileats eee 6.0 Osi 
Other commercial basic research Teles: eS 4.4 210 
Other commercial applied research £3°.6 De ao OF=5 


Other commercial development een 9.8 Din) 625 


*Missing data omitted. 


TABLE 10 


NUMERICAL TRENDS IN EXTERNALLY FUNDED R&D 


Number of Responding Companies 
R&D Category cr SS 
Increased Decreased Varied Stable Missing* 


LS ES Ls 


Government basic research fie Is, 4 79 34 
Government applied research ey 15 4 79 32 
Government development 25 lat i 74 30 


Other commercial basic 


research de} 13 > 82 34 
Other commercial applied 

research Ze ui ii 82 29 
Other commercial development a HIP 7 76 phe, 


*Respondents returning totally blank questionnaires not included. 
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The computer input data listing showed missing data in all cate- 
gories for 21 respondents. For nearly all of these 21 companies, com- 
ments on the respective questionnaires indicated either that they do not 
conduct baSic research, do not conduct any research, or internally fund 
80 to 100 percent of all R&D. Therefore, trends in external funding 
were not appropriate for them. These comments were typical of several 
on other respondents’ questionnaires wherein partial missing data were 
noted. The nature of at least one of the "exception" companies led to 
the conclusion that their research and development efforts were related 
to product markets and advertising. 

Table 10 was included because inspection of the data base showed 
such a large amount of missing data for this question that the trend 
shown in Table 9 might be considered misleading or erroneous. The gen- 
eral trend shown in Table 10 agrees with the previous table thereby ver- 
ifying that the missing data does not affect the results or analysis. 

Both tables showed that the majority of companies reported stable 
research and development efforts. In fact, the input data also listed 
58 companies that indicated stable externally funded R&D levels in all 
Six tabulated categories. This represents approximately 40 percent of 
the total responding companies. 

For further analysis, those companies that responded "increased" 
or "decreased" were considered by R&D category as a group. Tables 9 and 
10 show a net decrease in government funded basic research, a balancing 
net effect in externally funded commercial basic research, and net in- 
creases in the other four categories. These data were considered to 
further support the first hypothesis which predicted a net increase 


trend of industrial companies, and was in agreement with the results 
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noted in Question 1 of Section Two which also showed a net increasing 


trend in total R&D by respondents. 
10. R&D Evaluation Criterion 


Question 10. What technique do you consider the most important 
in evaluating the return on investment or value 
of your overall R & D program? 

(1) Number of commercial products developed 
(2) Number of published technical articles 
(3) Number of patents issued 

(4) Cost savings estimates 

(5) New process developments 

(6) Market share trend 

(7) Other (specify) 

Various methods of evaluating R&D performance have been proposed, 
such as evaluating the individual performing the research, evaluating 
the group involved in the research, evaluating the organization perform- 
ing the research, evaluating the product developed, and evaluating on a 
national basis. In evaluating the individual, techniques such as com- 
parison with other organization members, ranking within the organization, 
weighted performance characteristics and the number of publications per 
individual are used. One method of group evaluation is to sum up the 
assessments of the individuals within the group; however, this can be 
misleading. Growth and profitability are usually the two standards for 
measuring the organization's performance; however, other factors con- 
tribute significantly, such as effectiveness and efficiency. Evaluating 
a developed product can be done from various viewpoints; however, it is 
usually evaluated for the contribution to the organization's objectives. 
Evaluating R&D on a national basis is usually very difficult; however, 


performance can be approximated if accomplishments can be identified and 


compared with original objectives and estimated costs [ Roman, 1968}. 
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Dr. William Thurow, of MIT, states that both civilian and mili- 
tary expenditures should be judged only on the direct benefits that they 
are supposed to be producing, and the spinoffs and economic multipliers 
should always be ignored in evaluating projects and allocating funds 
[ Long, 1976 ]. This stand is very different from that taken by another 
senior economist who states that every one billion dollars spent in NASA 
R&D programs return approximately fourteen billion dollars over a ten 
year period, including spinoffs and related benefits [| Gilison, 1976 |. 

The above two cases indicated the difficulty in evaluating the 
value of R&D effort. Many industrial companies feel R&D is necessary 
for survival and prefer to evaluate the R&D programs subjectively while 
others attempt a quantified evaluation. 

A suggested procedure for evaluating R&D is to attempt to: 


"1. Determine the amount of profit produced and capable of being pro- 
duced by each research and development project. 


2. In the case of profits not yet materialized, discount the profits 
of future periods because of (a) the factor of uncertainty, (b) 
the prospect of changes that might reduce the profitability, and 
(c) the cost of money and other factors. 

3. Apply a money value to other services performed by the research 
and development group, based on a market value agreed upon between 
the research and development staff and the department receiving 
the service. 

4. Total the expenditures of the research and development group. 

5. Subtract the total expenditures from the sum of discounted profits 
produced and services produced. If the result is a plus figure, 
it tends to indicate that the activity has been effective [ Johnson, 
097, 2ulli'* 

The difficulty of implementing the above procedure has been in 
arriving at quantified values for the steps of the procedure. Many times 


data were not available, probabilities of sales forecasts were wild 


guesses, and other values were products of wishful thinking. A study on 
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evaluating research and development by Professor J.B. Quinn led to the 
conclusion that R&D should be evaluated by a "segmental approach" [ Quinn, 
September 1959 |. This evaluation procedure called for a technical eval- 
uation, an economic evaluation, and a management evaluation periodically 
to review each R&D ees Specific information was required for pro- 
ject reviews including (1) each program's cost to date, (2) what it had 
accomplished technically, (3) the value of this technology, (4) what in- 
vestigations were projected, (5) the potential value of each and (6) how 
likely each was to succeed, economically and technically. Even when the 
segmental approach was utilized, no generally useful over-all formula 
for "how much to spend on R&D" was developed. Such guiding ratios as 
expenses to sales, expenses to capital, this year's to last year's ex- 
penses, and measured over-all return on R&D investments were of little 
value in research planning, according to Professor Quinn. 

"Number of published technical articles" and "patents issued" 
were included as evaluators in some discussions of research and 
development. 

The "other" answer in this question was included to attempt to 
discover additional evaluation factors which industry considered important. 

A small number of respondents selected a "most important" factor 
of R&D program evaluation, and then added comments indicating additional 
equally or nearly as important factors. More than one-fourth of the ad- 


ditional respondents selected " 


other", and then offered specific comments. 
Appendix A includes a tabulation of all voluntary comments. These vol- 
untary comments were analyzed and the two most numerous types of re- 
sponses, "profit" and "other financially quantifiable," were computed. 

The total resulting responses received were organized as presented in 


Table ll. 
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TABLE 11 


MOST IMPORTANT FACTORS IN R&D EVALUATION* 





Factor Number of Percentage of 

Responses Total Responses ** 
Number of products 48 333k 
Published articles 0 0.0 
Number of patents 0) 0.0 
Cost savings 18 12.4 
New process developments Td pi ey 
Market share trend 25 dlivaee2 
Profit 18 12.4 
Other financially quantifiable 7 4.8 
Other 2 a, 
Missing 2 





*Voluntary comments included. 
**kMissing values not included. 

Approximately one-third of the respondents indicated the "num- 
ber of commercial products developed" as being of prime importance. If 
the companies that selected 'market share trend” (the second most fre- 
quently selected) and "number of commercial products developed" were 
combined as an indication of interest in maintaining a competitive posi- 
tion, this combined group represents one-half of the responding companies. 

The next most frequently indicated evaluation factors were "cost 
savings,'' from the original question list, and "profit," discovered among 
the "other' comments. Each of these evaluation techniques or factors was 
indicated by 12 percent of the companies. 


It was noted that only one company indicated in a comment that 
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"published technical articles" and "patents issued" were important as 
evaluative factors, but in that specific case neither was first in im- 
portance for that company. 

When only cost savings, profit, and other financially quantifi- 
able factors were considered, a total of 29 percent of the companies 
were represented. Number of commercial products developed, new process 
developments and market share trend were considered numerically quanti- 
fiable as to effect on company goals achievement. With existing account- 
ing techniques, these last three factors were believed to be financially 
assessable as well. The factors discussed above as financially quanti- 
fiable were combined and the total effect was calculated. On this basis, 
over 90 percent of the responding companies indicated that some finan- 
cially quantifiable benefit was the most important method of evaluating 
R&D effort. 

The sixth hypothesis contended that financially quantifiable 
benefit of R&D effort is the most important factor in 60 percent of in- 
dustrial evaluations. Therefore, the sixth hypothesis is accepted. 

Two "other" comments were noted particularly because of the 
wide divergence between them. One respondent offered the evaluation 
formula of "sales of new products + 5x cost savings before tax + 5x 
royalties"; another, while indicating some factors are used, seemed to 


infer frustration or uncertainty by the comment 'no real good technique 


ever found." 
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IV. VALIDATION OF HYPOTHESES 


Six hypotheses were proposed as characteristics which, based on the 
literature reviewed, were expected to be confirmed by the data resulting 
from the survey of industry. 

Contrary to expectations, the survey responses clearly rejected the 
second hypothesis, and marginally rejected the fourth hypothesis. The 
appropriate null hypotheses were accepted as stated in the analysis of 
results. 

Within the rationale presented in the analysis of results, the other 
four hypotheses were accepted as validated by the survey results. 

For clarity, the accepted hypotheses are presented as follows: 


1. The trend of R&D effort levels in general is increasing at a net 
of ten percent of industrial corporations. 


3. For two-thirds of sponsoring companies, less than five percent 
of basic research efforts yield financially profitable results 
within five years. 


5. Availability/evaluation of technological expertise is the major 
factor in selection of the activity or individual to pursue the 
research and development effort in more than 70 percent of 
specific efforts. 


6. Financially quantifiable benefit of R&D effort is the most im- 
portant factor in 60 percent of industrial evaluations. 


The rejected hypotheses are: 


2. More than 50 percent of industry R&D efforts funding is based on 
a percentage of some financial index of the corporation concerned. 


4. For two-thirds of performing companies, the majority of research 


efforts yielding results warranting follow-on development of new 
products, did so within four years of initiation. 
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V. PRINCIPAL FINDINGS AND CONCLUSIONS 


The following principal findings and conclusions were derived from 
the survey response data as discussed in the analysis of results: 

1. The percentage of responsive answers to the questionnaires dis- 
tributed was greater than that of most analogous surveys reported in the 
literature reviewed. All segments of the survey population as measured 
by the number of laboratories operated, the company size and the indus- 
try classification were represented by data inputs. Therefore, it was 
concluded that the data analyzed was representative of the complete in- 
dustrial frame specified for the survey. 

2. The high percentage of executive interest in responding to the 
survey, as indicated by the titles of the responding officers, was con- 
cluded to confirm substantial validity of the policy indications shown 
by the data returned. 

3. The respondents’ perceived trends of R&D effort over the past 
five years strongly supported the first hypothesis which predicted an 
increasing trend. 

4. Sixty-two percent of responding companies were classified by a 
National Science Foundation definition as not R&D intensive; that was, 
less than two percent of their total operating budget was devoted to 
research and development. 

5. Sixty-one percent of the responding companies did not use any 
type of financial data index in the process of budgeting R&D funding 
levels. Accordingly, the null of the second hypothesis was accepted. 

6. Of those companies that did use a financial index as an R&D budg- 
et basis, nearly two-thirds used a percent of sales as a controlling 


factor. 
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7. Eighty percent of reporting companies allocated less than five 
percent of their R&D effort to basic research. Nearly the opposite ex- 
treme, 60 percent of the companies devoted at least 60 percent of their 
R&D effort to development. The two factors rated as most important in 
evaluation of R&D effort were the number of new products developed and 
market share trend. When considered together with the above effort dis- 
tribution, it was concluded that most companies devote the majority of 
their R&D effort toward maintaining or improving their position within 
their competitive industry as they perceive it. 

8. Seventy-one percent of responding companies indicated that less 
than five percent of their basic research yielded financially profitable 
results within five years, thereby confirming acceptance of the third 
hypothesis. The responses of one-third of the companies confirmed accep- 
tance of the null of the fourth hypothesis by indicating that the majori- 
ty of research efforts pursued which yield results warranting follow-on 
development of new products required more than four years from initiation. 
Lead time to profitability was indicated as five to ten years from ini- 
tial research by nearly 50 percent of respondents. From these facts, it 
was concluded that a substantial proportion of industry supported R&D 
efforts over sustained time periods. 

9. More than 80 percent of the companies reporting in each of the 
three defined categories of research and development indicated that more 
than 80 percent of their efforts were internally funded. 

10. More than 70 percent of the companies assigned tasks based on 
available in-house personnel either possessing the required technological 
background or who were adaptable with a minimum of training. This data 


was considered to be conclusive support for accepting the fifth hypothesis. 
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ll. Fifty-four percent of the reporting companies indicated improv- 
ing the company's competitive position by providing better products was 
the primary objective of their R&D effort. 

12. Nearly one-half of the responding companies committed the funding 
level for R&D effort at the beginning of their budget planning phase. 

13. Fifty-two percent of the companies purchased equipment as needed 
for specific tasks. Thirty-five percent purchased equipment to establish 
Or maintain a general research capability. It was concluded therefore 
that each method was significantly used. 

14. The periodic review cycle was indicated by 61 percent of the re- 
porting companies as their most important policy criteria regarding re- 
programming R&D funds. 

ded: _— than three-fourths of companies reporting in each category 
contracted-out less than five percent of their R&D effort. Less than 
five percent external funding by either government or commercial sources 
was reported in each category by more than 80 percent of industry. When 
all budgeting and funding trends were considered together, it was con- 
cluded that the majority of the industrial companies surveyed generally 
preferred to conduct their own R&D in-house, and to accept relatively 
little R&D effort from outside sources. 

16. Industry used a variety of factors as evaluators of return on in- 
vestment or value of their R&D program. Over 90 percent of the factors 
indicated were considered quantifiable. With existing accounting tech- 
niques, those factors were believed to be financially assessable. 


Accordingly, the sixth hypothesis was accepted. 
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VI. RECOMMENDATIONS 


The following actions are recommended: 

1. That the principal findings and conclusions presented herein be 
adapted and considered as possible guidelines for decision criteria for 
use where appropriate, potentially in Navy research and development 
policy matters. 

2. That a more in-depth study of the same industrial frame be con- 
ducted to discover related financial level data for coordination with 
the results presented herein. 

3. That a parallel study be conducted relative to Federal, academic 
institution and non-profit (or not-for-profit) private organizations. 

4. That the ftesults of this study of industry and any results of 
those studies recommended above be combined to formulate a comprehensive 


research and development decision model. 
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APPENDIX A 
Tabulation of Voluntary Comments 


Several questions of the survey instrument included an answer 
such as "other" which the respondent might select if no otherwise 
suggested answer properly fitted his company's situation. These, 
and some additional answers, clearly invited or asked for a vol- 
untary comment. The goal of this procedure was to clarify any 
indefinite answers. Also, if any particular answers should happen 
to be given a significant number of times, an important factor 
would be discovered which could have been overlooked otherwise. 
This procedure, for example, led to recognition of the relative 
importance of profit as an R & D effort evaluation method. aAddi- 
tional comments were sincerely invited at the end of the 
questionnaire. 

All of the comments were considered durinyg the analysis of 
responses. Kecoding and re-analysis of answers to a particular 
question was done when the voluntary responses indicated a probable 
noticeable affect on the analysis of results, 

All of the comments are tabulated in this appendix so that any 
reader may interpret any inference or application from them to his 
own company's procedures or policies. 

To simplify and clarify presentation, and to aid in most mean- 
ingful interpretation, all voluntary answers or comments to a par- 
ticular question are tabulated as a ezroup. The questions are 
grouped according to the sections of the survey. The number of the 
question, and the question to which the comments were offered, is 
given at the beginning of the listing of comments to which it 
applies. For example, "SECTION TWO, Question Three" means that the 
list of comments following that heading all were offered in response 
to the third question of Section Two. In any list, the column head- 
ed "Serial No." gives the serial number of the questionnaire from 
which the comment following the number was recorded. If a partic- 


ular comment is preceded by a number in parentheses, the number 
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in parentheses shows the answer to the particular question which 
the respondent selected before offering the comment. In all cases 
where no such number is shown, the respondent had either selected 
the last answer to the question (usually "other") or had added the 
comment in a general manner even though a comment had not been 
specifically sought. All comments offered by any particular 
respondent can be noted by correlating comments by questionnaire 
serial number from the several lists. All comments are quoted 


exactly from the questionnaire referenced by the serial number. 


SECTIUN TWO -— BUDGETARY CUNSIDBRATIONS 

Question 1: 
How do you perceive your company's 2 & D effort over the past 
five years? 
(1) No significant change (3) Decreased significantly 


(2) Increased significantly (4) Suspended R & D efforts 


Serial No. Comment 
589 (2) (in dollars, but static as % of sales) 


Question 2: 


What percentage of your total operating budget does your R & D 
effort constitute? 


(1) Less than 2% (3) 5 to 7% (5) Greater than 10% 
(2) 2 to 4% (4) 8 to 10% 
Serial No. Comme nt 
257 If "your" means my own department, then 100%. If "your" 


means my company's corporate budget, then 5 to 7%. 
274 NA 
Question 3: 


Annual R & D budyetary level is planned as: 

(1) A percentage of net sales 

(2) A percentage of net profit before taxes 

(3) A percentage of net profit after taxes 

(4) A percentage of total operating budget 

(5) Specified other corporate financial index 

(6) Limited to active contracts; i.e., no in-house development 

(7) Not related to a financial index or factor of corporate 
Operations. General basis is 





<ON 
t~ 





Serial 


003 
0uU4 
006 
021 
022 
024 
036 
051 
056 
059 
066 
069 
O71 
076 


091 
097 
098 
112 
113 
129 
131 
136 
14} 
142 
145 
153 
155 


15/ 
163 
166 
123 
175 


17? 
178 
179 
182 
oe 
203 
213 
216 
237 
249 
25% 


274 
278 
239 


307 


NO. 


Comment 
program need 
Need of product programs 
technical needs 
perceived need 
as justified 
el5 mills/kwh 
Project content & value 
Project basis 
need & financial health 
whim 
need 
opportunity 
dependent on project interest 
Approved research program plus necessary but unanticl- 
pated research projects related to system operation 
need 
annual plan 
as needed 
Previous level + trends 
corporate management spells out 
judgement based on performance and business conditions 
Potential of each project 
Perceived need 
Size of Staff 
need for project efforts 
Justification of need on individual project basis 
number of good opportunities 
continuing need for product improvement and development 
of new business opportunities 
number and value of sugg. projects 
need 
need & value 
Total cost of R & D 
level of effort expressed as dollars identified in 
development plans prepared by operating divisions 
historical 
Corporate needs & opportunities 
1 - 4 above plus 
need for new technology in identified areas 
status quo 
Divisional Needs 
profit potential of the R & D 
need 
discretionary 
effort required to meet company zoals 
judgement whether (1) number of researchers we have is 
adequate, too low, or too high; (2) by project eval- 
uations for potentials 
resource requirements 
Need For Technoloyy 
% above previous yr. spend 
% pretax before 2 & D allocation 
what oppurtunities we identify 
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Question 3 (continued): 


NO. 


Serial 


308 
309 
310 
B15 
320 
323 
925 
326 
328 
343 
354 
359 
360 
377 
380 
397 
418 
423 
469 
472 
476 


524 
544 
545 
576 
536 
589 


Question 4: 


Comment 
S$ needed to accomplish program objectives 
project and service activity 
NO. of good objectives z 
5 year plans 
need 
as required by operating divisions 
assigned personnel and recognized need 
need 
RD & E as a % of net sales 
project or work forecast 
projected profit 
need for growth plans 
continuity and opportunity 
need 
anticipated requirements 
Division requirements 
approved projects 
As needs indicate 
Programs 
on evaluation of needs & opportunities 
not budgeted 
varied 
need 
long term % of profits 
need 
scope of programs at time of budget review - zero 
base budgeting 
project merit 
anticipated new product workload 
customer demand 
need 
Market technical requirements 
(1) (+ military products) 


Total R & D budget is limited to: 

(1) Not to exceed 2% of the above indicated financial index 
(2) Not to exceed 4% of the above indicated financial index 
(3) Not to exceed 7%) of the above indicated financial index 
(4) Not to exceed 10% of the above indicated financial index 
(5) Other 

Serial No. Comment 
004 no specific limit. However, influenced by percent of 
net sales 

022 as justified 

028 not limited 

056 none 

066 Offer services to the Div. & Corp. as required 

076 aS approved annually by management 
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guestion 4 (continued): 


Serial No. 


091 
098 
113 
131 
132 
136 
145 
13 


155 
166 
172 
173 
175 


1/7? 
178 
oo 
182 
197 
203 
216 
225 
ae ( 


278 
289 
307 
308 
310 
315 
320 
323 
325 


328 
et 
B23 
351 
SS)? 
360 
om 
380 
418 
423 
472 
473 
497 
393 
520 
524 


Comment 
need 
determined at beginning of each fiscal year. 
not related to a percentage 
not applicable 
Subject to divisional support 
See #3 above (perceived need) 
not applicable 
not limited by financial index but runs under 4% of 
net sales 
not applicable 
established amount for each year 
varies 
negotiated ceilings & available earnings 
No present limit - but budget is established as stated 
above 
No financial index 
Management Judgement 
variable 
Not limited. Based on reasonable need. 
Financial justifications 
Divisional needs 
not limited 
Finance index and operatiny need 
Judgement on adequacy of research to meet perceived 
future needs 
no fixed amount 
30% of pretax before R & D allocation 
No stipulated limit 
determined by sum of program objectives 
Secondary consideration about 3.5 -— 5% of sales 
Ability to meet objectives 
not limited 
no specific limitation 
work to the capacity of assigned personnel and recog- 
nized need. 
RD & E = 2.5% 
Confidential 
work approved 
constant man or person power 
No arbitrary guidelines 
adjustments for inflation 
amount of % available 
effect on overhead rates 
N/A 
no index 
no specific limit 
not budgeted 
need 
not limited 
maintain budget 
no specified limit 





Question 4 (continued): 


Serial No. Comment 
576 no budget limit 
nr Approval of active projects 
589 each division has own guidelines (varies from 2% to 100) 


Questions 5 through 13: 


Questions 5 through 13 asked for percentages of funding, times 
to success or similar factors related to separating results of 
basic research, applied research and development. The comments 
given by those companies that did comment were so Similar, and 
generally applied to more than one question identically, that all 
the comments are presented as a group for simplicity. 


Serial No. Comment 
029 Ambiguous: 0% internally funded, 0% externally funded 
(No provision for indicating, 0 basic research) 
036 N/A 
056 No basic research as defined 
066 No basic research done (0) - 
091 No basic research 
u98 Don't have any basic rsch 
2e> ixperience too limited to answer. 
343 not applicable 
497 None or N/A 
520 none 
539 too unusual for statistical reply 


SECTION THREE = GENERAL MANAGEMEN 
Yuestion 1; 


Selection and assignment of a specific R & D task to an organi- 

zational group or individual is based primarily on: 

(1) Availability of demonstrated project management expertise 

(2) Availability of technological expertise in-house 

(3) Formation of a new group incorporating both management and 
technological expertise (includes organizational 
reassignment) 

(4) Availability of support personnel 

(5) If capability not existant in-house, cuntract to best 
qualified management sub-contractor 

(6) If capability not existant in-house, contract to best 
qualified technologically qualified sub-contractor. 

(7) Available in-house personnel with best background adaptable 
with minimum training 


(8) Other 
Serial No. Comment 
004 Depending on project, could be l, 2, 3, 7. 
019 varies 7, 2, 6 in order 
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yuestion 1 (continued): 


Serial io. 


024 
084 
098 
1?¢ 
178 


Question 2: 


Comment 
#2, 5, &6 
Responsibility of organization or individual 
Automatically to engineering dept. 
Nature of assignment 
Capability, availability & overall priorities (38) 


Which R & D project objective would get hizhest priority at 

your company? 

(1) Reducing operating costs of processes 

(2) Timeliness (with respect to ) 

(3) Improving company's competitive position by providing 
better products 

(4) Probability of success of R & D project 

(5) Soundness of technological approach 

(6) Estimated cost 

(7) Product diversification for company growth 

(3) Uther (specify) 


Serial No. 


004 
019 
021 
044 
066 
076 
089 
100 
113 
142 
153 
167 
1738 
213 
225 
278 


305 


310 
325 
359 
360 
aon 
423 
465 
478 
544 


Comme nt 
Depends on all factors listed plus others 
All above 
No Simple answer adequate 
(2) tech need 
(3), 7 a close second 
(2) company objectives 
New method of producing natural gas 
New products 
New supplies of natural gas 
(2) government regulations 
Generate highest profit potential. Includes 1, 2 & 3. 
Size of market for product to be developed 
Potential for successful new product 
net profit potential 
(2), paper flow & 3. 
(1) Answers (3), (4), (6) or (7) may be of highest 
priority in many projects 
depends on profit centers needs & cost or risk or 
benefit ratios 
balance of 1, 3, 4, 5 
(2) Government Agency Permits and Regulatory deadlines 
potential value of project - profit 
no Single item controlling 
varies with division 
most pressing need 
(2) resource availability 
(2) competition 
(2) line extensions of existing products 
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Question 3: 


At what stage in the budget formulation process is the funding 
level committed for R & D? 

(1) Beginning of the planning phase 

(2) When sales estimates are made 

(3) When profit estimates are made 

(4) At end of budget allocation, providing funds are available 
(5) Other (specify) 


Serial No. 
004 


024 
028 
076 
089 
172 


17? 
-178 
213 
278 
325 
359 
360 
397 
478 
519 
524 
544 
586 


Question 4: 


. Comment 
At end, but given same consideration as other functions. 
Reviewed annually or more often if changes take place. 
Public Service Commission Vetermination 
Total Integrated Planning Cycle 
after approval of R & D projects 
as required 
as. part of a total corporate program on budget 
formation 
annually 
when proposed programs (total) are reviewed by mgt. 
when profit net potential defined 
Subject to Critical Review at all Phases. 
Not fiscally budgeted, see II - 3. 
Same time as total co. budget approved. 
Separate budzet subwitted for Board Approval 
after approval of project justification 
not budgeted 
never 
at end of yearly planning cycle 
tied to fiscal year 
When total corp financial plan is prepared for Board 
of Directors 


If you anticipate equipment requirements for R & D effort in 

addition to current R & D capability, your most common 

acquisition method is: 

(1) Purchase to establish or maintain general research capa- 
bility 

(2) Purchase for specific R & D task 

(3) Transfer to R & D upon completion of other usage 

(4) Develop in-house as need arises 

(5) Other (specify) 


Serial No. 
004 
112 
249 
360 
501 
542 





Comment 
Combination of 1, 2 & 4, 
1 + 4 above 
Lease with purchase option 
combination of 1 and 2 
varies considerably with circumstances 
Varies with the project 





Question 5: 


What is the most important criteria of your policy regarding 
reprogramming of R & D funds? 


) 
cz) 


(3) 
(4) 


x ) 


Serial No. 


O04 


019 
lol 
237 
520 


As new opportunities or ideas are generated 

Upon failure of existing R & D projects to materialize 
useful results/products 

Based on periodic review of all ongoing efforts 
Observed/predicted major shift of competitor's direction of 
effort 

Other (specify) 


Comment 
1, 2, 3, 4 all play a part and most cause reprogramming 
R&D. 
In order 1, 3 + 4 of above 
combination of 1 & 3 
(3) 80%, (1) 20% 
3&4 


Question 6; 


How 
(1) 
t2) 
(3) 
(4) 
(5) 


Serial No. 


019 
076 
131 
542 


are most personnel assigned to R & D projects? 

Hired and trained especially for the specific R & D effort 
Assigned as a result of past performance in other area 
Assigned from permanent R & D staff 

Hired to acquire specific technological capability 

Other (specify) 


Comme nt 
Varied 
combination of 2, 3&4 
varies greatly - all the above 
Combination of above 


Question 7: 


What percentage of your R & D effort is subcontracted out? 


Less than 5% 5=25% 26-50% 51-75% 76-100% 


ee ee ee 


Basic research (1) 2) (3) (4) (5) 
Applied research (1) (2) (3) (4) (5) 
Development (1) (2) (3) (4) (5) 
Serial Na, Comment 
123 NA (for basic research) 
oe / (0) Much of our development is done jointly with mfgrs. 
497 None or N/A 
542 (0) Info is not avail to me. 


Questions & and 9: 


Questions 3 and 9 asned for percentages and trends of funding 
from external sovernment or commercial sources to support basic 


research, apolied research or development effort. 


Comments received 


were generalized anu usuaily applied to both questions. 


wail 





Serial No. 


O29 
006 
2 
123 
177 
225 
2 
£90 
aol 
520 
542 


Question 10: 


Comment 
No Gov't Support 
(1) No outside funding 
don't do (gov't research, basic & applied) 
(indicated "NA" for all basic res. cats.) 
none 
Experience too limited to answer 
Much of our development is done jointly (answered 0) 
Not apvlicable 
None or N/A 
none (except commercial development) 
Best guess answers 


What technique do you consider the most important in evaluating 
the return on investment or value of your overall R & D proyram? 
(1) Number of commercial products developed 

(2) Number of published technical articles 

(3) Number of patents issued 

(4) Cost savings estimates 

(5) New process developments 

(6) Market share trend 

(7) Other (specify) 


Serial No. 


003 


004 
019 


O21 
O22 
024 
029 


044 
066 


Comment 
Sales of new products + 5x cost savings before tax + 
5x royalties 
combination of 1 & 6. 
The 9 value of the successful projects for the operative 
groups. 
Earnings record of new products & processes 
resulting contribution to profits 
at cm 
The number of quality commercial »vroducts which are 
being marketed successfully & profitably 
Application of results 
number of projects that are transferred to a production 
product or process. ‘te are designated as an R&R & D 
department however we primarily do product, process, 
and mfg. devel. and test work for the various ofg. 
divisions. 
use Of information or process by co. or customers 
within 5-10 yrs. 
Value of commercialized projects 
Profits 
Profit from products developed 
We do no basic research 
Profitability of products developed 
Effect of new projects on earnings. 
Cec 
sales & net income resulting from R & D efforts 
projected profit from the programs 
Profit impact of new products plus product & process 
modifications. 
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Question 10 (continued): 


Serial No. 


182 
192 


213 
eat 


237 
278 


290 
300 
305 


315 
323 
343 
351 


B50 
360 


350 
423 
451 
472 
478 
320 
542 
544 


(0 
536 


Comment 
Prubable value to probable cost ratio 
We are not an Rk & D company, you should improve your 
mailing list. 
orofits generated 
The company engages in virtually no research. The 
development phases are conducted jointly by the company 
and suppliers of products that we provide (via leasing) 
to our customers. 
Change in return on investment 
Whether technology needed for efficient company oper- 
ations has been provided. 
Profit generated 
Cl), 2, 3, 4, 2 
demand from company's profit centers for our technical 
efforts and participation, 
Profits generated traceable to R & D 
profits generated as a result of rk & D programs 
No real good technique ever found 
Satisfaction as stated by the R & D sponsor which may 
be any of the above, but generally (1), (4), (5), (6). 
Profit on long term basis 
Benefits to corporation established and verified by 
accounting Department 
New program wins 
Return of funds exvended, bottom line profitability 
& and 5 
estimated present worth & probability of success. 
New market development 
(1) 1 & 5 & & about equal depending on R & D group 
1485 
Our group is small. 13 professional employees, 7 non- 
professional, 4 clerical, 1 janitor. The retzwil food 
products activity in most food companies has most of the 
R & D funds. This ranges penerally from 0.1/ to 1.0% 
of sales. Ours is 0.1%. 
estimate of value activities. 
This response doves not include any of our yvovernment 
R & D contract which exceeds the corporately sponsored 
by almost an order of magnitude 


Additional General Comments: 


Serial No. 


024 


325 


Comme nt 
The R & D work among the electric utilities, especially 
that conducted by the Electric Puwer Research Institute 
constitutes a special case but does not cenerally fall 
within much of the above cateyorization. 
juestions have been answered in terms of the only R & D 
laboratory facility in the company. liowever, the total 


R & D effort of the cumpany is several times larger than 
tne Laboratory's. 
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Additional General Comments (continued): 


Serial No. Comment 
539 A reasonably good questionnaire. Might consider relat- 


ing R & D level to degree of maturity of each technical 
area, or to rate of yvrowth of market. In some questions 
such as #1 and #6 of last section, an ordering would 
yield more information than selecting a single item. 


Additional appropriate comments from company letters forwarded 


with returned 


pecan i most 
therefore 


(We) Use 
implement 


questionnaires: 


everything we do is on a first time basis and 
there is no trend. 


outside consultants with technolozical expertise to 
DEVELOPMENT to reduce operating costs of processes. 


With respect to Section Three of the form, where you have chosen 
words such as "primarily, highest, most," etc. you may have 
obtained a truer picture if you had invited weizhting among the 
top 3. Decisions are usually made on the basis of several 


factors. 
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APPENDIX B 


NAVAL POSTGRADUATE SCHOOL 


MONTEREY. CALIFORNIA - 93940 IN REPLY REFER TO: 
Gode 55 
OO001-2 


Dear Sir: 


mae Naval Postgraduate School has imitwated auessitimdy 
meromm co develop an improved decision model, technique, 
Seecimeterion for project selection and evaluation which 
may be made applicable to United States Navy research and 
development planning. The questionnaire forwarded herewith 
is designed to survey general management and decision 
making techniques practiced by industry as guides to devel- 
GSpmiemrc sof factors,.for Navy .use. 


As your organization is a prominent leader in American 
micas try, your inputs to this survey are ardently sought, 
and will contribute very substantially to the validity and 
Mrumerty of any assessments forthcoming. Early return of 
the completed questionnaire in the return envelope provided 
will be greatly appreciated. 


All information provided will be maintained as confi- 
dential; only aggregate numbers, statistical factors and 
trend analysis will be released as analysis information. 


Thank you for your valuable assistance. 


Worse r wily , 


- 





SURVEY OF RESEARCH AND DEVELOPMENT MANAGEMENT 


General Instructions 


Definitions of basic and applied research seem not to differ significantly 
among the Department of Defense, the National Science Foundation, academic in-~ 
stitutions and industry. Development activities are, however, on occasion organi- 
zationally segmented into development, testing, evaluation, laboratory, design and 
other categories. Accordingly, for purposes of consistency in response to this 
questionnaire, the following definitions are provided to assist in interpre- 
tation of questions and potential comparison with other studies. 

BASIC RESEARCH includes original investigations for the advancement of 
scientific knowledge that do not have specific commercial objectives, although 
such investigations may be in the field of present or potential interest of 
the reporting company. 

APPLIED RESEARCH includes investigations directed to the discovery of 
new scientific knowledge that has specific commercial objectives with respect 
to products or processes .. . applied research differs from . . basic re- 
search chiefly in terms of the objectives of the reporting company. 

DEVELOPMENT includes technical activities of a nonroutine nature con- 
cerned with translating research findings or other scientific knowledge into 
products or processes. Development does not include routing technical services 
or other activities excluded from research and development. 

In order to provide a more consistent point of reference for your answers, 
we suggest that you scan the entire questionnaire prior to answering any of the 
questions. In your replies to this questionnaire, please treat your research 
and development facilities as a single group or entity. 

Please enter the most appropriate answer in the box at the right of each 
question number for the appropriate box or boxes. If the question calls for a 
response of more than a one digit response please place "ONLY" one digit per 
box. Disregard the numbers to the right of the boxes. 


SECTION ONE - 3ACZGROUND INFORMATION 


1. How many research and/or development laboratories or facilities 
does your company operate? 
Memone, (2) 2 to 5, (3) 6 to 10, (4) Ll to 15, (5) over 15 I. 


2. Your company size as indicated by total number of employees: 
(1) Less than 5,000 (3) 10,000 to 19,999 (5) 40,000 to 79,999 
(2) 5,000 to 9,999 (4) 20,000 to 39,999 (6) 80,000 or more 2. 





3. AS a very general industry classifcation, the greater portion 
of your company's activities would ba: 
(1) Durable goods industry (3) Services industry 
(2) Non-durable goods industry (4) Diversified industry a. 


4. (Optional) Please specify your official title in the company 
organization. ; 4 
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SECTION TWO ~ BUDGETARY CONSIDERATIONS 


il 


BO. 


bl. 


How do you perceive your company's R & D effort over the past 

Five years? 

(1) No significant change (3) Decreased ‘significantly 

(2) Increased significantly (4) Suspended R & D efforts le 5, 


What percentage of your total operating budget does your R & D 
effort constitute? 


wie Less than, 27 5 to 77 (5) Greater than 10% 
(2) 2.t0 4% (4) 8 to 10% 2 6 
Annual R & D budgetary level is planned as: 
(1) A percentage of net sales 
(2) A percentage of net profit before taxes 
(3) A percentage of net profit after taxes 
(4) A percentage of total operating budget 
(5) Specified other corporate financial index 
(6) Limited to active contracts; i.e., no in-house development 
fe Not telated to a™financial index or™faceor of corporate 
operations. General basis is é Bis 7 
Total R & D budget is limited to; 
Memiot to exceed 2Z of the above indicated financial index 
(2) Not to exceed 4% of the above indicated financial index 
(3) Not to exceed 7% of the above indicated financial index 
(4) Not to exceed 10% of the above indicated financial index 
(5) Other Liss 8 
What percentage of R & D effort is directed toward basic research? 
(1) Less than 52% (oie to Lay, (5) 20% or greater 
(2) 5 to 9% (4) 15 to 19% 5. 9 
What percentage of R & D effort is directed toward applied research? 
Mee Less than 107 (3) 20880 297 (5) 40 to 49% 
10 to 19% (4) 30 to 39% (6) 50% or greater 6. LO 
What percentage of R & D effort is directed toward develop- 
ment projects? 
(1) Less than 202 Coy GOP Lo, a9 (5) SC to 1007 
(2) 20 to 39% (4) 60 to 79% 7} jill 
What percentage of basic research projects yield financially 
- profitable results withing five years of initial research? 
me Less than 27 (2) SEO 27% (5) (Greatereen. 1) LO, 
(2) 2 to 4% (4) 8 to 10% 8. le 
Of those basic and applied research efforts that lead to a decision 
to go ahead with development, the majority of them involve a time 
period fron initiation to development decision of: 
(ey Less than 2 yeams. (3) 5 to [0 years (5) More than 20 years 
(2) 2 to 4 years (4) Ll to 20 years 9. 13 
Of those R & D projects that lead to useful or profitable pro- 
ducts, the majority of them involve a time period from initiation 
Bemprorit of: 
(1) Less than 2 years (3) 5 to 10 years (5) More than 20 years 
(2) 2 to 4 years (") LL to 20 years 1G. 14 
What percentage of your basic research effort is internally funded? 
Cl) Less than 207 (3) er to 597 (5)380 to UC? 
(2) ZO™to 39" . (4) 60 "20-797 De ES 


er 





Nae 


13. 


SECTION THREE - GENERAL MANAGEMENT 
Ue 


What percentage of your applied research effort is internally funded? 


(lL) Less than 207 (3) 40st oo (5) 80: to 1007 

(2) 20 to 39% (4) 60 to 79% 12. 16 
What percentage of your development effort is internally funded? 

(1) Less than 20% (3)>°40 (to 597 CS saeco 1007 

(2) 2Qmto 397 (4) 60 reo 94 oe ly 


Selection and assignment of a specific R & D task to an organi- 

zational group or individual is based primarily on: 

(1) Availability of demonstrated project management expertise 

(2) Availability of technological expertise in-house 

(3) Formation of a new group incorporating both management and 

. technological expertise (includes organizational reassignment) 

(4) Availability of support personnel 

(5) If capability not existant in-house, contract to best qualified 
management sub-contractor 

(6) If capability not existant in-house, contract to best qualified 
technologically qualified sub-contractor. 

(7) Avatlable in-Fouse personnel with best background adaptable 
with minimum training 


(8) Other le 18 


Which R & D project objective would get highest priority at your company? 
(1) Reducing operating costs of processes 


(2) Timeliness (with respect to ) 
(3) Improving company's competitive position by providing better 
products 


(4) Probability of success of R & D project 
(5) Soundness of technological approach 

(6) Estimated cost 

(7) Product diversification for company growth 


(8) Other (specify) 23 19 


At what stage in the budget formulation process is the funding 

level committed for R & D? 

(1) Beginning of the planning phase 

(2) When sales estimates are made 

(3) When profit estimates are made 

(4) At end of budget allocation, providing funds are available 

(5) Other (specify) 3. 


If you anticipate equipment requirements for R & D effort in addition 
to current R & D capability, your most common acquisiticn method is: 
(1) Purchase to establish or maintain general research capability 

(2) Purchase for specific R & D task 

(3) Transfer to R & D upon completion of other usage 

(4) Develope in-house as need arises 


(5) Other (specify) 4. 21 


What is the most important criteria of your policy regarding 

reprogramming of R & D funds? 

(1) As new opportunities or ideas are generated 

(2) Upon failure of existing R & D projects to materialize useful 
results/products 

(3) Based on periodic review of all ongoing efforts 

(4) Observed/predicted major shift of competitor's direction of effort 


(5) Other (specify) > 22 
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10. 


How are most personnel assigned to R & D projects? 

(1) Hired and trained especially for the specific R & D effort 
(2) Assigned as a result of past performance in other area 

(3) Assigned from permanent R & D staff 

(4) Hired to acquire specific technological capability 

(5) Other (specify) 


What percentage of your R & D effort is subcontracted out? 
Less than 54 5-25% 26-50% 51-75% 76-1002 


Basic research (1) (2) (3) (4) (5) 
Applied research ) (2) (3) (4) (5) 
Development (1) (2) (3) (4) (5) 


What percentage of total R & D effort performed by your company 
is externally funded? 
Less than 5% 5-25% 26-50% 51-75% 76-1002 


rr 


Government basic (1) (2) ely (4) (3) 
research 

Government applied Cl) CZ) (3) (4) (5) 
research 

Government development (1) (2) C3) (4) (5) 
Other commercial 

Bacic research (1) (2) (3) (4) (5) 
Other commercial 

applied research Cl) C2) (3) (4) (5) 
Other commercial 

development (1) (2) (3) (4) (5) 


Of those efforts indicated in question 8 above, the following 
past five year trends have occurred: 


Increased Decreased Varied Stable 


Government basic research (1) (2) (3) (4) 
Government applied research C1) Oy (3) (4) 
Government development CE)e, (2) (3) (4) 
Other commercial basic research (1) (2) (3) (4) 
Other commercial applied research (1) (2) (3) (4) 
Other commercial development (1) (2) (3) (4) 


What technique do you consider the most important in evaluating 
the return oa investment or value of your overall R & D program? 
(1) Number of commercial products developed 

(2) Number of published technical articles ~ 

(3) Number of patents issued 

(4) Cost savings estimates 

(5) New process developments 

(6) Market share trend 

(7) Other (specify) 


Additional comments are sincerely invited. 


THANK YOU FOR YOUR ASSISTANCE. 


(eel 


lO: 


: 24 
25 
26 
: 2d 
28 
29 
30 
oJ 
32 


23 


Sy 






COMPUTER OUTPUT 


S S38VI INISS1y ett SdsvU Ulva 


n9n®e Ud TL0°2 "T° S6° 942° 2S Lod °A'I 
Q00°¢ds WAS QUuUTS Wilh TX wh VOU" 4 hOKINIW 
O0U'N SONVA L¥6° SSANMAXS ned ° Slsuday» 
g0n*t SUNVIYVA Get et A4O JLS v0OV e? 30U0W 
enu*e NVIQ4W 660° du43 als B9Id°e NV SW 
AJNSNOSHA 
004 Ue VY On Ye U 
Lt ee ee Sey eee enemas ee ener | 
[ 
I (9NISSIW) 
CS ) M¥um YJ 
I 
St d3SAC I 
(of ) ¥¥ewMeeREY OC 
, 
St atete 11 [ 
(Z ) e¥¥uy oC 
l 
Ob UL 9 I 
(re ) MOM EMEM He Hee OF 
[ 
Giutlitiead I 
(6S ) BEM RM EMERY RM 8 
I 
3NO | 
(6¢ ) MMMM MEM EME MYR RRR 8 | 
I 
axUU9 
S3luyUlvysdudyY 1] dU UYSaBWIIN TUOUVA 


80 





64S°¢ Wt 
QOO°LbOn WHS 
Qg00°S 3ONVH 
Sg9"t AINVISTA 
bee" Nyluaw 
VOT U8 
CWS 


0 


gLt°S 
000°Y 
L9¢° 
ble’ 
Sot’ 


UY 


SasvJ IONISSIn 


"1 “aeSe - 
WOWIXVW 
SS4ANmMSXS 
Adu ULS 
dY4¥3 us 


ON 


1 °° ST! 8 eee 8 ee: 6 ee "CE 


Wéie 


Ant SAaSv9 GIIva 


9te° le oa A"? 

O00" WOWINIW 

941° = Sl1sSblLan» 

voOurs 3U0W 

bua’ Nv ah 
AINSINUSHS 
Ud Q 
I 


JuyUW HG ONULOe | 


(U4 


606'624 
(Oe ) 


666'6% 


) ¥¥xeee COTD 
i 
= 000‘Qn I 
MM¥R MEER ERK IOS 
M 
= Q000%0¢e I 


) MEME EER ANKE UO ' H 


666645 


I 
seuOueyl, if 


) MMMM RMR RM ENR KEY O0'F 


(Se 


f 


66646 OL 0000'S I 


) =» 


MMM AMM KRM 0°? 
i 


Q0U%S dsdni dt 


(6. 


) xuxeee 00°F 
I 
3QLI 
3Z1S ANYWdwW0d CUOYUVA 


81 





9nh*e 
O00°?¢SE 
000°S 
OFe't 
nmno°e 


(on 


(Sn 


Ud 
WHYS 
SUNVA 
AINVGIVA 
NyIlUdw 


US On 


0 


LO” G 
oo0"H 
86%." 
so} 
Sou" 


0% 


S38V) SwWissth 


"12a Se 
WOWIXVH 
SSANMSAXS 
A3U U15 
44 als 


Qc 


Lot 


c90° tS 
QO0° FT 
ne 
YOU" TF 
6S¢°e 


Sasvd GI la 


Lod "AOD 
WOWINIW 
Sisulany» 
UUW 
NVAW 


AINSNOAIYA 


oe 


0 


prereset ere ey ene eee eee ae ee ee eee | 


Cnt 


Cot 


SUUUD UIWNAISNOI 


G3I4IS&SAIU 
) MRR REM KY AMAR ER OOP 


S3V1AdSS 
) MARR RR EMK 00°E 


I 
i 


1 
I 


I 
I 


, RARER EMM ERAN BK MME KM (O°? 


SQUU9 


S1e@vand 


I 
1 


> RM EMR MK MN EMM OO” | 


I 
JQU) 


WULTAVIISLISSy¥ 19 Adlsiunl ZOVEVA 


82 





Tit ee? 
O00 5LRe 
VO0°S 
0S6° 
Sol°h 


O0t 
Es 


(9S 


(L$ 


0 S3Sv0 YNISsIW Lhs 
UL nol® f "1°? Se° Llo*%ot 
WIS 000°H WOWIXYW QOO0° 4s 
SONVA gue" SSINMSHS Gch °o 
AINVIYVA Si6° AdU QLSs VOUS 
NYIQ4wW O80 * 443 Gls 256° 4 
AINSNODH 4 
0 Y9 On O¢ Q 
ee Le eee eet r coy © a gevece =: ohcee 9 ene see eee ememeee Tle” YT 
I 
LnNSGINN I 
(95 ) ¥R RM eM RM 
l 
OH Ld3u yUrVvW if 
(at ) FORM eM KY 
I 


HULI3NI0 LN3SW9aS) 
) RRM EMER MMM REM MMMM MM mH 


"d°A 


I 
gu S3ud I 


) FRAME KM EMEA RM MRE MYM HM ® 


laA3 1 


l 


SLv¥VdOddOO LNAQNOdS3e4 


SASVI QI IvA 


eid “A 2 
WOWINIW 
SiSULYNy 
JUO0OW 
NV dW 
00°R 
vO°¢? 
V0°e 
vg*t 
3009 
NHOONVA 


oS 





0 SAsv)0 ONISSIK Ltt S3SvV9 GI VA 


EL’ th Qt best “13 96° B9S° bE 
0O0U°bkSe WHS O0U'Ss WHI X YW Vie oe | 
o00°¢ SONVY 045° SSANM4xS 199°%= 
nin’ JSINVI avn £n9° A3d als O00'F 
ges" WVYIGAW $S50° wus dis 9c9"I 
AUNSNOSSS 
OOF 0G V9 U1 V2 Q 
Te eee ee ee eee Oe ee ec eee coe ceca 
I 
48V9NI35Q Usd TA I 
(% J ) ¥R¥NR ERM 
I 
4SvVaud onl Usdauvn I 
(99 > RMR EE RR MY 
[ 
SONVHO ON |] 
(89 > BRAN EMER MRR 
Z 


UNS3XL LuOsd3 YU GNY a 


ed “A° 
WOKINIW 
SlSuLan» 
30Q0n 
NV 3h 


V0'¢ 


00°2 


00°) 


3dU9 
SOQYAVA 


84 





92L° I 
O0U0°$eed 
YOUTH 
Gg ° 
Boe" t 


(C68 


S SYSVI INISSIW eft S 


Wid yin? t *I°2 S6" 906°6S 

WITS 000"S WhIWIXVA V0" | 
S9ONVA GLU0°%e SSINmMAXS hy "ty 
JINIIYYA bio° A3Q UL YOU? ft 
Nyldaw ous Madd Uls 0LS°1 

AINSNUSHNS 

V0} U8 VY Qn vie Q 

[°° ° 8 Satntatatinpetelatabes Salts’ NCMERNSRS <a | SRen, Saale! Seereee” eee” MONT 

I 

I 

CS >) Muy 

l 

0b dYsAu I 

CS >) Rune 

[ 

Ol ul 8 iI 

ve ) **% 

i 

io Uk S I 

(6 ) MeN MY 

wu ec J 

CLE ) MEME MM MAREN REE Y 

I 

e Y3ZgNnn TT 

) REMARK 

I 


L39qfa 


YNILvaddO JO LN3S0N4d 


ASv¥J GIVVA 


Lod "A'S 
WOWINIW 
sisuluny 
300W 
NV 3W 


INISSTW) 


g0°S 


a 


00°¢ 


00°e 


00° T 


JQUua 
QQU8TA 











OL9°S Ud 

o00° RSL WIS 
G00'9 JONVY 
ngeo'g SINVIUVA 
2u9°gy9 NVIU4W 
$. S3Sv2 ONISSIW 
BSe°R "I°2 S6° 
000°L WIIWIEX VW 
1g6"« SSS3NM3YS 
L9n°e2 AgyU QLS 
902° 443 GLs 
np § S3SV0 GIIVA 
LSe°9H Lod °A°'I 
Ou ae WOWINIW 
Loy ra SlSULYNY 
O0Nu'sL JQ0OW 
n92°s NY 3W 


AINANUAYS 


OOF Ue Q9 Qt) vd 0 
yo °° eee es ioe eo 8 8 8 eT oe 6 8 8 ere” °° 8) eee 8 
] 

I 

(2 ) ux 

I 

Galva LUN If 

(¥e , MME MRE RRM REM REE MEM RRM Ry 
i 

QSININIS SUTSLNU I 

(9 ) NX 

i 

X3UNTI YsHLgU if 

C% ) *%¥* 

I 

L390Nn68 Tw hol I 

(ch ) BRM ENES 

{ 

Saxvi "VY LIs0dd TT 

(¢ ) ¥¥- 

[ 

S4xvli°d Lildddd If 

(2 ) 

I 

S3 vs L3N I 

Cu¢g ) BEER RXMAK EMER EMH 

I 


XS3UNI WIOINVYNIG 


(ONISS1W) 
J 


vorl 


uo*9 


0u°S 


00° R 


OU", 


Qu'ed 


vo*T 


gQUIN 
LUOUVA 





6t INISSIW vet 

Lia? Od LOL*S "T° S6° LOU8° ON 
OVO" TTS WITS G0N°S WIIW IXY vUuLo eT 
00U°t JONVA Ge0° ts SSANMSXS Nnog%= 
gS9°e2 SINVIAVA 629° I ASQ ULS Q0U0'S 
6L°h NvIGdwW hot® dd9 dls c6o0°¢ 

AINSANUVSIYS 

004 Ow ; UY On Ud 0 

[eee OOO ee Cee ee ee eee eee cee: Oe eee of 

[ 

I 

(6h > MERRY MY KM 

I 

daHiu tl 

C06 , RMN EMM MME RRR RMR RR EM EK YY 

d 

Vb NVHL ddUW ON I 

(% ae 

l 

L WVHL 3dUW ON I 

(3 ) -=* 

nh wWVY¥HL ddOw UN I 

(ct ) Bae yun 

I 

@ NVHL duyOw UN 1 

(2d ) RRM R MEM YX 

I 


XSONI dU LN3IIMad 


SASvJ Ulva 


Laige*’A* > 
WOWINTW 
SlSULaNY 
JQUW 
NV aw 


CONISSIw) 
y 


VO°S 
vO"H 
00°S 
vu"? 
00°F 


34UD 
BOUYVA 


87 











J 


S3Sv90 INISSIwW 


97} S3SV0 GlLIVvA 


et9°t Od Bie*t "1° S6° 6S6°0L Ord “A°I 
OVO TI2 WAS 000°S WITH LXOW QUvU" {I WWINIs 
000°R 39NVY g1e°e SSANM3HS ween SIlsudiayn» 
670° 4 SINVISVA neo°*t AaU UQLS OOVU'T 4U0h 
nel" NV¥IddwW S90’ Y44 als Son*t NV3W 
AJNaNOIad 
VU 09} Uct Ue On 0 
Te ee ee ae eo le. ee | 
l 
I (C9ONISSIW) 
CI )™*Y 
I 
Sittd ue Tf 
(S ) ** Y0'S 
[ 
ot UL St I 
(2 ) ¥¥* 00° 
I 
nl OL Qt I 
(2 ) eax Y0°S 
I 
6 01S 1 
(Ot ) aux O°? 
I 
G ¥3s0nNn i! 
CLIT , MRR EMA AEM EM RR RR KK OY” | 
l 
3QUa 


HOXVISAN JISVHeLNADddd YU UNV 4 GUOATA 


88 





905°% Od 

OU Omisaz i WIS 

V00°S 39NVa 

Ogs°s JINVIAVA 

Hoe’ed NY¥IQGdH 
US Ot 


0 


6¢6 
000 
OL% 
69 
9h 


°Z 
°9 
7a 


Uo 


Tee ee ee aay ee greene Oc ee 


(9% 


(Se 


(te 


S93SV9 INISSTIW Lot 
°"1°2 46° 986°S 
WHIWIX VW QUUTT 
SSSNMIXS n9?e le 
A3Q0 OLS 000°e 
dua ais vhers 
AINANISIYS 
Qe Wt Q 
I 
Satd oS I 
) MERE ERR x 
I 
Oma oF 1 
Cat ) MERE REM RAM EK A 
I 
65 Ul VE il 
(Sh ) HREM MME MN 
i 
6¢€ UL Oe | 


) PRR Ke 


I 
6b OL ot | 


) RRMA REE RMR RE MME ERM ee 


(6e¢ 


I 
Ob d3qnn 1 


) BRR RENEE RRA RE 


I 


HIHVAISSY ASLlddVeLNAIW4d U UNV a 


S3ASvI GLIvA 


Mod A’? 

WKNWINIW 

SlsuLaun» 

3QUW 

NV 3h 
vo°9y 
VO°S 
V0°R 
00°S 
Vu? 
Gig” { 
30U) 

VTOUVA 





916°S, Wd 

QO0°LSS WIS 

Q00°H SONVS 

gic’t SINVIYVA 

616°¢s NY 1lOUSW 
JOS 08 
1 


0 S3SV0 ONISSI# int S3Sv0 al ivaA 
209°s “lee. “SG bpUg* OS loud °A°9 
000°S WHWIXYW Vou" WhWINIW 
ig? = SSANm4IyxS 994° SIsulury 
Bent ?t A3U ULS VOUTPS 300W 
Sou" aug ais 6¥L°S NV 3k 
AIN3SNO4dd 
09 Un Qe VY 
eoeesemy se ee Came eT fee eee + © ee) erect eeeeemeeereer** | 
I 
sald 08 | . 
(2S >. MER AEME MRR EER eK COTS 
J 
64 UL oY iI 
CLE >) ERR M EMER K EN KY LOD 
I 
6S OL On 4] 
(Un ) REMAKE MMR MME RK KH 0S 
I 
Steve i 
C13 ) ¥eeexee YO? 
I 
02d AH3UNI) I 
C2 ) vx¥muw 00°F 
I 
30U) 


LNAWdUTSASGPLNGIGNdd YU UNV a ThOUVA 


90 











Ge S3Sv0 YNISSIkb ech S3Sv0 UITwA 
bee'e Qt VE9*S “te SG. Lee°db od © A" 
O0U°BEe WIS 000°S WOWIXYW Qou’s WOWINIW 
Q00°t S9ONVY SSE" t SS4ANM3AHS dg °= sisuLany 
612°2 JINVIUVA 605° Adu GLS VUO's 400W 
St2’t NVIQGdwW tes Hud dls [46° NV aW 
AJNANG AYA 
VOT OY V9 Uf 0 
Lee eee eee eee eee ay 2. ore oe eee eee eon One ietee | | 
I 
I (CONITSSIW) 
(S2 ) REMEMNX ME Ma YEH 0 
I 
Ob YSAU I 
(9t ) EMM eee KR YUTS 
I 
OF UL v | 
) ¥¥¥e¥e UOTH 
I 
Luis it! 
) M¥Reeee OUTE 
i 
a | 
) www 00°C 
I 
Y3SONN TT 
(¢8 ) RAMEE EMME EN RE RK KKH 0" T 
l 


3QU) 


SHVSA SALAMA WHIT dad LNIVMAd CILOYNVA 


oe 





612°2¢ 
VOUTSUE 
vou's 
gc9° 
SEI °e 


VOt 
im oo 


SHYVSA 


G S3SVO YNISSIW ent 
til Ltoc¢d "1°a Se* OSL°9% 

WINS 000°Hr WK LX VW you's 
S9NVa 080° SSINMSHXS b64L°= 
SINVIAVA Vol° N30 Wis V0U Te? 
NVIQdw 990° daz Us wut ee 

AINANUSds 

Ov U9 ON Ue V 

eek ee ee ae ee,” ceeeneees: | 

I 

I 

CS ) Muy 

l 

ye UL Fb 

(1 ) MMe 

I 

VpwL Ss tt 

(yh ) RRMA EMRE Oy 

I 

o Ge ii! 

(9 D MERE RM EMME ERR RRM EY 

l 

¢ UsUNT I 

(3E ) EMM MEME ERE EY 

l 


QvV3SHVY UY LN3WdO ISASO 


S3ISvI UL lvA 


ie) “A°O) 
WOWINIW 
Sisulun» 
aU0h 
NV aw 


CONISS IW) 
0 


VO°R 


vu°?s 


v0°e? 


yO" y 


dQU) 
STOUVA 





e S3SvJ ONISSIwW Snt S3Sv0 GIA 
e59°%e@ Ud Sie °e "1°? §6° OLe° hE bedid BA*D 
QO00°E9E WHIS 000° WOAWIX YW Quu? | KOWINIW 
Q00°% JONVY oon, = SSANMAAS GUn°e SiSULBNY 
Et9° JINVIGVA G¢el* Aga Q15S vudgrs JU Ww 
g19°e N¥IQ4wW 590° 444 uls GUS"e NV IW 

AIJNSNOSHS 
O06 09 V9 Un ud V 
pore ee ee eee ee ee ee ee ee eee ee ee 
I 
I (ONISSIW) 
(é ) ¥¥ Y 
I 
Oe Ul Ft I 
(6 ) ee¥aeK 00TH 
i 
Ob Ul S iT 
C2l ) EMME MEME RRR ERR ME RK 00°F 
| I 
reaut 2 i 
GCE ) MRK ORR gree” 2 
[ 
€ agani il 
CLI ) ¥¥¥NNNM eee Y0°T 
i 
: 3QUQ 
SHVGA © Lidbdéd UL 3WId Uv TLOYVA 


oS 





HS9°R 
00U"° 19S 
000° 
Lte*t 
Sou’ 


vOed 


WIS 
SONVY 
JINVIUVA 
NvIQdw 


095 


(SOT 


Lect SAH8v0 GIIVA 


Oe INISSIwW 
Teton *I°) S6° TTS° OS 
000°S ANWHIXVW YUU FS 
TU0°¢= SSAHNMANS hub ee 
ens" F A30 Q1L$ VUUTPS 
OeTt* du3 dis Lbue 
AINANOSYHS 
Vet Ov On ' 0 
] OR RMS O eemen [eRe e ne 8S See eee ie? SOME er kre eee” meee cuemene”® 7 
{ 
I 
(O02 )} Suey 
I 
O8 ddan 
) RRM EMRE ERM RK 
I 
6L UL uy i 
ee ) «x 
[ 
of Ud un i 
(& ) «x 
I 
bm UL Oe “iI 
(< ) -™ 
I 
ve Haun I 
(Sf ) 44M we 
I 


USUNN4d ATIVNYALNI JOISVa LN3049d 


did “AO 
WOWINIW 
Sisuluny 
400W 
NV GW 


CONISSIW) 
Q 


VUES 


QO°n 


Ou°¢s 


v0’°’e 


VO" J 


300) 
GIUYNVA 


94 





a an 
00U°S99 
VOUT? 
990° 
S06°R 


V0¢ 


WITS 
49ONVYA 
SINVLUVA 
NVIG4w 


O94 


neh’ n 

Q00°S 

e€L9°e= 
Zeus 

980° 


Ve} 


S3SVvV9 INISSTHW 


"1? J616 ° 
WOWIXWW 
SS4Nm4ayS 
A4dG ULS 
Hau43 dais 


UB 


| eee ee 2 eee ee ey ee ac nem eco TE 


(tet 


> RRR MN OO 


nit SASv9 GI lwa 
Sen ed id “A°D 
vOU"S WOIWINIW 
e0u'g9 SisuLyny 
YUUSS 300nW 
nO9°%t NV 4W 
AINSNV AMS 
Qn” Q 
i 
I (ONISSIW) 
(% ) xx 0 
l 
Of dSAU I 
00°S 
l 
sa. el ww =] 
(9 ) *¥*% U0°R 
I 
ss ul 0h 1 
(8 ) eee 00°? 
I 
€£$ 01 ve 1 
CJ ) * 00°2 
i 
Od YAONTT I 
(8 ) wae UOT 
i 
3g 
GTONVA 


G4HONNA AVIVNASLNI G3 Iddv LN3ZIN3d 


95 





nhe’n Ut 
O0U°UBY WHS 
Q00°H SONVA 
eee" BINVIYVA 
626°R NvIG3aw 
002 09 
poe. toe eee 


Cle} 


¢ 


SeS°n 
000°S 
2gt°gu 
656° 
ul0° 


Oct 


SS38VI YUNISSIk 


7 Se 
WOWIXVW 
SSINMNINS 
AdQ UlSs 
Ya4 LS 


Ue 


Cee eee ee eT rae” Satta Ratatat eter ete etet ieee. 7 


D MRR ERR RRR EERE EMRE ER 


Sn t S3Svu UI IVA 
BU Oe? Lod °A°I 
VUU I WhWINITh 
bng’s Sisulauny 
YVUOETS 30UW 
VO9%R NV 4W 
AIJNSNUIYNS 
On 0 
if 
I (ONISSIW) 
(e ) ae Y 
I 
O8 YSAD I 
VUES 
I 
b4 UL OY Z 
(9 ) een U0O'R 
[ 
65 UL ut I 
(¢ ) =¥ 00'S 
I 
64 UL Oc | 
C% ) ¥¥ 0°? 
] 
ve ASCntt I 
C9 ) ¥¥x OUT 
I 
3qu) 


QAUNNA ATVIVNYSANT LNsWdOTSASU LNSI3d 


LEUYVA 


96 





AINANOIYS 
QO} VY 09 iy O¢ 0 


y ° Seeeiereeemere | 8 8 8S Oe 8S 8 eee © °°! meee | 9 © Fy] 


l 


{ 

CJ pew ¥ 

l 

YAH lo | 

(8 ) M¥RNS 

Lse°n OL 4 

Q0U5b6SS Whs NIvadl aSnOn&NI [ 

oe JONVY (LE ) sr eae 
9ce 9 JINVIAVA | 

66g ea "YUH ane oa.., 

[ 

$a8v0 ONISSIN ee is, 

ben's "19 cen - i 

000% antteange ee : 

S61" SSANMANS i 

S60 ¢ A3U GLS dnOdY Wes I 

902 Yada als CZ ) EMME 

I 

s , JONHISL 3SNUHeNT I 

ai SASVI ULIVA (69 , RRM MMMM EM EM YK 

, <a I 

Sica dvd “A*) Lusdxa 4wWOH ol 

i WOWINTW Cnt ) MMR Me 

VIS" Te Sisulany I 

000%? 3uOW 
bcu't NV dW NOTYSLId2o LNSWNOISSY AYWIAdd 


(CONISSIW) 
U 


00'S 


V0" H 
yo"¢ 
00°e 
Ou'T 


3QU) 
BLONYA 


a7 





e S3Sv2 YNISSIN Girt S4SvU GI IVA 


O28"S, Od ght°s. Oh eco bes > 49 Lod °“A°O 
VO0°LOS WIS O00°Y WiIWIXWA O0uU"t WOWINTK 
OoQg°s 49UNVA TTE°t SSANMANS gSi° STSuULUMH 
OLS*t SINVIUYA vgt*e A3Q Gls QUdrS 300 
SL16°2 NYIGIW elt° ddd ULS 697 °s NV aw 
AINSNOSY4S 
VOT 0 09 On V2 0 
Te ee ee ee OE Taare ra eet ater cs fe CL 
rf 
I (CONISSIW) 
(ed ) w* Q 
{ 
YsHLU id 
C9T ) 4¥MEXRR EM 0O°R 
I 
HLMONN ANVdHOO I 
(iS ) ¥¥Mewee OTL 
l 
$$33o0ns HUMd 1 
(7 ) waxes O07 H 
I 
L1SUd tLlddwuo JI 
(ol > A ORM C0 TS 
l 
SS3NI1 e§3WIL =I 
C(O} ) wurtaun QU°? 
I 
Sisud g3UNnd3u J 
(S2 ) MEME EMM eee YD” I 
l 


309 
NUTYS3iTao ALIWMULYd LSSHOTIH GLONVA 


98 





ONISSIW nit 
ugeS*e Ol "1° Jege° bO2°S9 
YVOO°6ds WAS WOWIXVW OVO" 4 
V00'R 39NVY SSINMINS Yn0°’ |= 
ot2°2d JINVIVA ASU QLS VUO°T 
L9S°S NV¥VIUdW 443 1s G8e°¢ 
AINANGSYS 
O0F 08 Qt Oe U 
Te ee ee ee eee ee 8 oe een ee Co eee eee oe eT 
l 
I 
(% > eM 
I 
HaHLO 1 
(os ) FEMME KEM 
I 
TVIVAY SUNN4S J 
(9 I meereerrr es: 
[ 
1483 IL1I4d0ud iI 
CEe ) MEMBER M EM EH 
I 
L§3 SisJivs J] 
(S} ) RRM MAME 
l 


Cbd 


ASVHd ONIWNG Id I 


) RRR EMM RRR RM RE EK 


I 


G3aliIwwuld i39aid 


S4aSVI ULTVA 


Lod °A%S 
WOWINIW 
SlSOLYITy 
300W 
NV IW 


(OnNISSIW) 
G 


VO'S 


00° 


VO°E 


ds0UY 
VEVUYVA 


ON 
On 





0 SaSvyu INISSIW £74 S4SV0 GQIVVA 


L60°e Od S9L°T *] J. Si6.° Otn’ 2s aa ° At) 
000°9L2 WIS 000°S WOWIXVW vuuU"’) WOWINIW 
YOU'D S9ONVY GES°I SSSNM3HS ndb°e2 SlSULUNY 
2°] JINVIGVA clo ct ASU ass 000°? 300W 
Lel°*t NVIUSW Seo” da4 dais UL6° | NV AW 
AINANUSZSS 
OO} 08 09 Ut Oe 0 
peers eee twee eee © eee ee ee ee 
I 
I (9NISSIW) 
(7 ) ¥ax Q 
YJHLt Oo] 
(9 ) exes Y0'S 
I 
SSNOH#®NI dUlSAa0 I 
COrt ) m¥nueu O'R 
I 
NIHLIM dS34SNVoLl I 
(e ) ¥m YO"E 
l 
"J3dS BSvHIuiid | 
(SZ > RRM EMMEREM MN M ER K M O0°? 
l 
Wasn3a9d ASv¥HIHNd | 
COS ) REM EMRM ERE Eee 0” f 
I 
3QU9 


3UOW NUILISINGIVY LN4AWalNo3 TCOUUVA 


100 





C64"°2 
VOUT 9HsE 
000°Nn 
V60° I 
6SL’°e 


(18 


Q 
I 


0 


} 


h 
Wt Lnd°ed 
WIS 000°S 
39ONTH Got ou 
SINVIUVA hyo’ t 
NvyIUGdW Lg0° 
Vg 09 


S3SvI INISsSIW 


Bee Ore ne SO eRe entree 2 ermeee ay 9) eon at meme nC Rem Gemem acme ee © Sir) 


gnt 
"iT" S° 9S5°¢h 
WOWIXWW VOU® 4 
SSINMSIXS TBe9 oo 
A3ZQ QLS YVN0TS 
dad uls Ucn e 
AINSNO SY 
On Ve V 
I 
l 
Cf ) 4a 
I 
YAaHL0O I 
Cy ) ¥x* 
l 
LYOdd3 Ladwuy 1 
(¢ ) ¥¥* 
j 


MITASY JIGUIead TT 


) RRMA MME REM RR REM EEK ey 


(S 


NOTA dLlao 


gun diva Logroudd | 
(7 ) xx 

I 

VS0I MSN J 


> REM MRR RMR My 


l 


QNIWAVE9UNd 3u 


SIOoVI Ulva 


13d "A'S 
WOWINIW 
SiSULYUNY 
4JUQW 
NV SW 


CONISSIW) 
U 


vo°S 


00° 


vor?s 


VU"? 


OUeT 


dQU) 
CCONVA 


re 






woe? 
VOUT LEE 
VOU*t 
bed° 
628 °¢ 


(SY 


OL 
WITS 
JONVA 
AINVIAGVA 
NVIGSH 


004 Ov 


y 


919°¢ 
000°S 
evo’ 
sse° 
bLo0° 


09 


AINSNVSYS 
Qe 0 


torre eee ee eee 6 Oatet ake Ceeleteteia “MAreeete® Valet Seseeereene’ * <ue 7 


Cet 


l 

I 

(% )} ue 

l 

YsHiu I! 

(9 ) ¥xMe 

I 

WANHISL IWl4luads 1 
(6 ) RRM MY 

I 


434d¥415S nia I 


DMR RM ERR MRM RRM EER KRM MM 


I 
WHOSH 3d 4SVd tf 
) REM EME M EMM My ¥ 


I 


G3uInH IJlsIIadsS I! 
(ch ) FMR MaKe 


I 


NUILIA TIS TANNUSS 43d 


S3Sv0 ONISSIW nn} S3Sv9 GIA 
"T°? So’ 9uvu TS Lome “a* 9 

WOW LX VW QO0*T KOWINIW 
SSINMaHS LE6° SIlsulyun» 

ASO ULS you's a00W 

dd4 Ls LoL°2 NV 3W 


CONISSIW) 


Vo°¢ 


vO°e 


vO" Tt 


I0UI9 
TCVUYVA 


Oe 






5. 5 S3Sv9 INISSI1W 725 SasvU GLliva 


BOL °S Od eee’ J "2 G6" gtG° nd Lud “AI 
000°& 02 WIS VO0'S WOWIXWH OOO ° | WOKININ 
000° SONVY 192¢°2 SSINMAYS oLe°S SISULYNY 
nl2°s JINVIYVA 6ct*t A3U OLS O00's 3UOn 
OSt°t NvIdaw ROU" ddd ULS GtS*t NV 34K 
AINANO aS 
VUd u9t Oct 08 On V 
[ee ee ee ee een ee 6 8 Eee ee eee eee: |) 
I 
I (9ONISSIW) 
(¢ J ) MMR Q) 
I 
OUtT-9L 1 
(6 ) w¥* 00°S 
l 
SL£*IS I 
(€ ) ee 700 
I 
USe92 |] 
CS )ox¥ 00'S 
I 
S2=5 | 
Cnt ) M¥xae 00°C 
I 
S aY¥30NN I 
(COT ) RYE M EMR ARR REM ERE MMH OO” | 
I 
3qu)9 


G3LIVYLNOIHNS YISVH LN3AINad NCUUMVA 


103 











cea" t 
Q00°Lb6I 
000°R 
BSl° 
pet? 


OL 
WAYS 
AONVA 
JINVIYVA 
NyIUudaw 


00e¢ O95 


Le 8 ee ete ee ee 


Cutt 


h S3SV0 INISSIW ant Sasvu allva 


hee" } "T° So’ Vot*Sy 

000°S WOWIXVAW QUU" | 
HSH ed SS 4NMAWS God°*y 
tLu° A3UuU ULS OOuU' 4h 
g 10° dwH4 Uls GL ° I 

AINSMNOINS4 

Oct U8 Qn VY 

ey ee et ale ee ae eee eee ae 

I 

f 

(1 ) ux 

i 

YVUte9L I 

(S ) -* 

I 

WS=ge | 

Cz ) a4 

i 

G2e-S | 

(0e ) ¥¥RNEX 

I 

S asyqnin 4 

> ERR EME MEM EM MRR 

I 


QSLIVHLNUIHNS UsalIddy¥ LN3IY43d 


LId °A°D 
WOWINTW 
SLSULaII» 
JUOW 
HV 4K 


(9NISSIW) 


00% T 


3QU) 
GcOXVA 


104 








cts*t Ol 

VOU°LbI WITS 

OUU'h SONTY 

991° SINVIAVA 

LEV°S Nv Id4wW 
002 O95 


(ee ee ee ee 


C2o 


A SASV9 INISSiw nh t S48SV¥I UI IVA 


hee*t °1°) S6° 296°E9 

OVO°S KIWIX YW OUT 
be6°2¢ SSANMINWS 9¥IS°@ 
Sie’ ASU QLS O0U"f 
£10" Ha9 Uls 99% °) 

AININOAYS 

Ue ft Vi 017 Q 

Se eee ee eee). eee eee? T 

I 

1 

(% ) = 

] 

QUS-9L f 

(S ) -=* 

1 

SL#IS [ 

Ct ) * 

I 

Use9¢c | 

CS ) ¥* 

I 

G2geS | 

(02 } euxyny 

I 

S 4¥4aqgnn fT 

) KARE RMR MEN RRR KER M KREME KH EY 

I 


G9LIVELNOD LNAWdOISASO INAIDYAd 


hod “AD 
KOWKINIW 
Sisulan» 
JQOW 
NV 3W 


CONISSTIW) 
Q 


vO"S 


v0°h 


00° 


vO"? 


V0" T 


3009 
GZONVA 


1905 





nt SHSVO INISSIN £2 4h 


S3sv9 Ul lva 


ven’ t WL Lov't "T° $6° 002° dL aid “A*)? 
VOO* ROT WAS 000°S WHWIXYW Quo’ WHWINIW 
000° AONVY Gers SSANMS3HS ene’ ot Sisolun» 
cou" SINGIUVA 2lo* A3U QLs OUVU'T 3U0W 
USSU" 5 NYIO3W 610° Hua CLS 92° I NV IW 
AdJW ANUS S 
UVOe O91 Oct U8 On 0 
| didi Mie i el a) eT 
I 
I (ONISSIW) 
Crt ) ¥¥¥ME UJ 
I 
QOb#9L IT 
(9 ) #¥¥ YQTPS 
I 
Si-IS I 
(J eax OO f 
I 
OSe92 | 
(¢ } ome 00° ¢ 
[ 
Gé=G 
ie. ) ¥* 00°? 
[ 
GS a¥3ggnn I 
(tél ) ERMAN AMMAR MR RRR KK YT 
I 
3aud 


JISve LAND GSUNid ATIVNAALXS LcoVUvA 


196 






LnS°t Od 
voo°’Sset WIS 
VOO'h S9NVa 
ib ° SINVIYVA 
HO’ s NyIGdw 
v0e2 095 
| oe ae ores 
CUtT 


il SASV2 ONISSIW rs J S 
Ste°s "1l°2. S6° 982°OL 

000°S WHWIKVAW Q000°5 
ge9'e¢ SSINMINS gtbe°y 
2L6° A3Q ALS Yuu" 4 
nwo’ dda dis bee? | 

AINSNOSYS 

Od} Ue On Y 

Oe RE SeRE eee eS ae °C eal 

I 

I 

C&t ) ¥uM 

[ 

O0b=9L iT 

(S ) ¥* 

I 

SL£="1S I 

Cn ) ¥* 

I 

US99¢ I 

(S ) m4 

| 

Sc=#S | 

(6 ) ™x* 

I 

S asann | 

) RAM BME MMR EERE EE 

i 


Gsllddy LAQD G3IGNnda ATIVNYSLXS 


ASV GITVvA 


id ° ND 
HNWINIW 
SiSuLaiy» 
4U0w 
NV dW 


CONISSIW) 
U 


VO°S 


00° h 


OU"§S 


vu"? 


yur 


av") 
BOUYXVA 


om 






Vt S3SV9 ONISS1in 9% | S43SVI ULIVA 


S09° I UL Bn2°t "T° 46° nb.°*sd bia “A°Q 
VOO0*Hnbt WIVS 000°S WhWAXOW 000°} WIWKINIW 
000° SONVe GSEG"¢ SSANMINS Gh?2°S SLSULYNY 
yor*t SINVIUVA ceS0*t Aau OLS QU" 4 AUUQH 
Sapa” I NV IQ4W 060° 443 QLS yen? | NV 3} 


AINANOSYS 
VOed Y9T Oct Ue Qn 0 
Te ee ee eee ee eee re teen eee eee eo ns eee aces. | 
[ 
1 ¢ 
CTI } xxxe 
I 
YVUT@4L | 
@L ) wee QU'S 
[ 
Si9=tsS TI 
(7 ) =* U0'H 
j 
USeG¢2 TT 
Cn 7 xem OWI" § 
l 
S2=S | 
CO} } aexx OO'? 
l 
S ascnnh 1 
Cott ) BARMAN RK RK OS | 
I 


INISSLW) 


3009 
LNAWdOTVAASG LAQX GAUNiisd AVIVNYSLXS 6Bc0d0VA 


108 






Sa8vl GI vA 


9} QNISSIW ba 
gte°s Ud SO" "ra $e" noG*s9y 
vou SSS WIS v00°S WWIX YA OUD'T 
000°H AONVY Hoceh SSINmM3IXS £7 ° BS 
995° SINVIYTA eSl° A3U GLS QVUe Ss 
LZU*I NVIQG3W 990° da4a Uuls gute s 
AINSNO344 
Q0e¢ O95 Uc t On Q 
Tee 8 ee ee Oe ee eae <1  ele  c e es | 
I 
] 
(94 ) MX ume 
I 
VOt=9L I 
(1 ) -* 
l 
0S=9¢ | 
cy ) ¥* 
l 
Sc#S | 
Ce ) a% 
I 
S yaanfn 1 
(ect ) RRMA EER OO yy 
I 


JISVA WWUI G3UNNS ATIVNASLXS 


aid * A?) 
WOhWINTW 
SiSulLyn»y 
300W 
NV 4W 


CONTISSIW) 
W 


vO"S 
Vor’ 
GO“ 2 
VO" 4} 


dGU9 
OLUYSTA 


noe 






OOUTULTI 


OL 
WIS 
4ONVG 
JINVIYIA 
NyITuaw 


00¢ O94 


(Iet 


é't S4SV9 INISSIN Sat S38Sv9 UIlva 


GOT eS "he. Sib? 26°69 
000°S WOWIXVH 00O%S 
Li9°S SSSNmM4AXS GSO°ct 

Tee’ A3a3U ULs oOUu eT 
940° S44 dgls 652° 45 

AINSNGVS44 

Oct Ow U1 V 

Lee ee ee ee eee eee oe oe 

I 

I 

(2h ) uN 

i 

QUb=9L T 

(9 ) 

I 

US89c I 

GS ) =*™ 

[ 

G2" 

CS ) «x 

I 

S d30Nn I 

) BRR EM 

[ 


G31 1dd¥ wwOD G4UNNd ATIVNYSILXS 


ae AN" 2 
WOKINIW 
Slsulan» 
3JQ0W 
NV SW 


CONTISSIW) 
Q 


VO"S 


VO°¢s 


00°? 


VU" 


9009 
TS ONVA 


110 






den’ t Od 
O0U'SLI WITS 
V0U'R 3ONVe 
1El® SINVIAVA 
1TLO°S NVIUSW 
002 O9t 
Lee ee eee 
Coch 


Ut S3SVI2 OnNISSIW 

cst t "T° S6° 

000°S WONWIX YW 

Tee's SSINM3SYHS 

SSe° A3Q ULS 

gsLu° Hy4d Qs 
Oc} OY 


> RRMA ERE RMR H 


LNIWAU139A30 


Qn 


(OF 


(n 


(2 


(% 


CA 


S 


WHOD USONNS ATIVNYSLXS 


pot SHYSVI QIIVA 


Oe eS See ammeen 2 eG gece ante wemem@anrecee core © © fF 


g7oe°’9Y Loud °A°I 
VUUT I WNiWIWIW 
hes? ot SlSOLYN» 
QUO" T SUOW 
ise” | NV IW 
AINSNOZYS 
v 
DP CINISSIW) 
) ¥¥x¥ YU 
Ji 
Vutagl 
) ¥* VU'S 
] 
S4=1S 1 
) ** 00°R 
| 
0S=9e | 
) «x 00°S 
i 
S2ZeS I 
) ¥x¥ 00°? 
l 
HY9qnn 1 
00°F 
l 
a0u9 
CLOUVA 


ve 






§ S3svd INISSIh ght S3SVI GIIvA 


9£5°% Ud 9¢gT°s °1°9 S6° Gob es 
O00"LLE WHS V00'R WOHIX VW VOUS 
000°S SONVa Lib’te SSANMAXS 89¢°%= 
mobs AINVGTIYVA hLo°t ASU QLS 000%R 
Sel*s NVYIQAaW tor’ dda uls yEgrs 

AINSNUaYS 

V0} 08 OY On Ud 0 

TT ye ee ee eer eenee ee eee ie eeeemeeeeoee oT 

I 

[ 

(7d ) MMR MAR REMARK RRM My 

I 

dS idviS 1 

C624 , MRR RRM MMMM MM REM EMM MRE MR Me 

I 

Q3luvA 1 

(1 ) «xx 

I 

aSvsdod0 i! 

(6t ) AEMM A MX 

I 

4SVININT d 

CTT ) 4X MM Ey 

[ 


JISva LAU UNZYL 


iow “A*%) 
WOWINTW 
SiSsuldny 
3U0OW 
WV dW 


CONISSIW) 
Vy 


00°R 


00°¢ 


Ue 2 


yu"t 


3qUu9 
SLVUYVA 


ie 






gins 
OOU°SLE 
000°¢ 
oct 
ell*s 


VO} 


Wis 
aONVA 
SINVIAVA 
N¥YIQaW 


08 


ch 


970°S 

VOO°H 

T6O0° t= 
g9Tt°s 

BQT* 


U9 


S3SVJ OINISSIW Sih 


0 ehenentnene § Oy Sates taaRE ee? © (AaeRente? CER | SAA UEROMENS Tae SASMGES: S88? | 


(od 


) MERE RMR ERE ERK RRM EH HH 


"I1°S s6° E99°SE 
WAWIX YW yuu’ | 
SSANMIMS $SS°%e 
A3U QLS OUU %H 
dud LS b92°¢ 

AINSNUAYNS 

Qe Q 

I 

[ 

) SEMEN EMM HH 

I 

alvvlis | 

I 

GalyYvA 1 

Cn >) Bex 

l 

qSvV3sd930 1 

(St ) BERR YH 

I 

3SvV3H9ONI I 

(LI ) MMAR EMMY 

I 


Qallddy LAUD UNSAL 


Sdasv9 GIIVA 


tie "*A* 2 
KOKINIW 
STSULSIID 
dIUOW 
NV IW 


CONISSIW) 
0 


vO° 


VO°Ss 


00°2 


00° T 


dQUI 
WLOYVA 


ES 





Of S3SV90 INISSIh L\ih SASVI UIIVA 


bee's Od Teg’? “Lod 36 ssn oun Lud °A°9 
O0U' HSE WNS O00'R WWI XVW Oo | WOWINIW 
QO00°¢ J9NVY £$9y%o SS3NNAHXS LS0"t= SIsudun» 
2es*t SINVIYVA QS¢°t AdQ Uls YO0°h 3U0W 
60L°¢ NvVIlOQ3W 91T° AH3 uls byte¢ NV an 
AINSANDAYS 
VOF OG 09 01 Od 0 
nnn [tet tala” Le acai a ao aan eaten eee em one | Se renzo 
I 
L (ONISSTW) 
(Og PEPE eererereere © © ams 
l 
: 3 levls f 
Co ) MAMA EMM URE RK KR KK KK 00 1 
I 
GISLYUVA l 
CL ) ¥¥uwe GUE 
I 
a8SvaHd9os0 1 
Crt ) #¥¥NeeKe 0°? 
I 
3ISVIAINI I 
(Se ) SERRE KKK C0" | 
[ 
3009 


LN3WdOVaAASG LADD ON3UL GLOYVA 


ble 





ns S3SV0 INISSIW ght $S3SV9 GI IVA 


2Os’*s ul 6LI°s "1". S6° GN6° TE 
O0U0°¢RE WIIS 000°R WiWwlAYH Vues 
you's J9NVY SSg" t= SS3INMAXS gSh° 
994°) SINVIUVA OWO°T ASU ULS VOO'H 
bte°s NYIQSW cot’ deu3 J1s bees 
AJINSNOSHS 
00 f 08 OY On Ud @) 
Lo 5 Oo ey ee Oe ORES ee” SAeReneer eee ere, Smee omen’? en y 
I 
I 
Che > BEM E RMR NHK KM EM ee 
i 
JV isS I 
(28 ) MMMM ERR MME KERR REE RH YH 
I 
Q3ITHvA I! 
(S ) uae 
] 
aS8V3e 9350 I 
CE I ) HRMm eee 
I 
3SvsdsINI ol 
(2 I ) FEMME MH 
{ 


JISVd Wilduswuy UNaal 


aid °A'3 
WAWIN IW 
SISULYN 
3uUW 
NVSIW 


LINISSIW) 
Q 


00° 


00°¢ 


v0°e? 


00°45 


3UU) 
9LOUNVA 


11.5 





6d ONISSIW ett 

con's. Wt nna’? "I"? S6° Ode’ SE 
VO0O* SRE WS VOUTN WOWIXVW o0u%s 
g00°s 39ONVY 69T° T= SS4HnNmdayS b2°%= 
att ®t JINVIYUVA toe*t A30 ULS 000°h 
O8L°S Ny Ids Pe ddd QL8 g92°% 

AINSNOINS 

004 U8 QO9 On Od 0 

pee ee ee ee ee ee ee eee eee a 

i 

I 

(6e¢ ) MEM MM ERRAKH KE MEH 

[ 

2Ilavis I 

(28 > RRR EERE MRM RMR REM EMM MEMRAM HY 

I 

UVSldva 

CZ >) MEXEY* 

I 

gsSy4ddId50 [ 

CZ ) BMMNSM 

{ 

3Svssonl_ 1] 

rare ) BRAM RM 


I 


Qalldd¥ IwlOdsWHUD GNaaL 


S3SvI2 GIlIVvA 


Lome °”v* 3 
ANWKINIW 
SISuULYN» 
30U0W 
NV SW 


CINISSIW) 
V 


V0"H 


QOo°¢s 


00°2 


VO" T 


3009 
LLOUVA 


6 





had NK 9 
WOKINIW 
SISULHIY 
300W 
NV aw 


CINISSLW) 
0 


YUP 


O0°¢s 


VO"e2 


VO" 


S2d S3Sv2 OWNISSIW ech S3SVI GIA 

OTS °S Wd nSe°d *rI°) S6° 602° In 
000°9LE WIS 000° WIIWIXVW VOU" FT 
VOO'Ss 4ONVa Olg’« SSANMSIHS QStb* ha 
gt9° 4 SINVIUVA OLe*t AaG Qls 000°H 
L69°¢ NVIQAW Sti’ 4Yud3 QLS cBbuUes 

AINSNOINS 

VOT 08 OY Qn Ud v 

Tee ee ee ee ee era ee eee reece 

] 

] 

(S2 ) FRAME MEY Y 

j 

dJluvis I 

C92 ) RARER EMA MMA RE RRM ER MK HH 

I 

Q4aludvaA I 

(“7 >) R¥aRY 

J 

gSviasosau I 

(ot ) FRR MM 

I 

ASVSNINT I 

(Le ) MEMRAM MME REE 

I 


LNSWdOTSAR0 WIINSWWOU ON3dL 


aQU) 
RLOUVA 


ey 





¢ S3SV) IWISSTW Sit 


659°H Ot Oge°s *I°) S6° eb eS 
OO0°HTY WETS 000° WhWIXVA V00°S 
v0u°s JONVY S2i°s= SSANMAXS S7S*t= 
oL0°9 JINVIYVA non? A3U QLS OUN' ST 
eea'n NVIG4w S0e° dua LS nee’n 

AINSNO SHS 

OS On 0% Oe Y | VU 

Fee ee oe ee aera age eT oe eee cn rcs | 

l 

I 

(e ) “M- 

I 

Y3aHLO 

CLE , KAMMERER EMA MEME ME EM RM MM RAK KM YB 

I 

SHYVHS L3anusn I 

(Sc ) ERM BREAN MRR RH 

[ 

S§aU0dd M3N f 

CLI ) PRR RMA MM RYH 

I 

SYNIAVWS 4Sud 1 

(gt ) RRMA MME MRAM MMM KN YD 

: l 

SLINGQNd UAsuWNh I 

(8h MAM MMM OR 

1 


NGLaaSLiyo NULTLYN WAG Advi ded 


Sasvd aIiva 


ide A” 3 
WOKINIW 
SlSuULaMy 
AU0OhW 
NV IW 


(9WWISSTIW) 
0 


yur 


vO°9 


v0°S 


VO"h 


° 


00° T 


3UUQ 
6LUYVA 


126 





REAM INPUT DATA 

Be 3ie7 Sams 1 23555 rse41 3501 1 

Bro 31275 41S 139555585 eee ial 
1 
{ 


1141114444447003 
as 
1232217553242395520; 1538311111 
114 
nen 


{ 

1190NN0070N04 
144444444004 
SSASABMOSS 20 ABSSSF AB Asap s cris pads sduegsy 
ieee 2e121151 32595241 4521111 1i2222eeq0 te 
PSML11 751 ASA BSS57SSPAS SA lees i 4ttasaois 
Bet 111111251231552311331211111110090221025 
SO4P1N7TOZKA{ BUSSS 201 SSL Aris prpdasagagnay 
SS221AN7TS1 ZG ABSSST7RAZBALL IAL aua4add7naea 
$232215513412211181523212311159554e411170924 
B5A22A7S1 OSAMA ABS 2ASZOLI1 2301 1 aadadusnra 
2522117512501 A555 as zA3SL LAL trys 444 gduinss 
2425p 1285 3g4srperasay 11 3usite2resass7o4ua 
TSABLL ALAS L2Assspeyessridisiii1easaaddanag 
A2ALLL 7516251 assSr3zarassartitirys44aasusosy 
QUMOBtAL S533 SSS7 Srp Sd rst aauasdiasa 
LEAL 2AL7SALSL32ISS ar arr siti rir pr r44uadudos, 
L422 A17TH L251 eeSsSeri1 tsi ssitiirisadaasaagsys 
1242227513410295533141013211111190900070466 
LSL 221 O1L5SOSZOSS|3B1LAIBLLLANANNIOANANAIAA:A 
243441351655335551412511110000900900017059 
LRALAL7TI S621 239953722831 ititiaaaeaaya7y 
225411751631 3385S h25esS ert ieliitii11a4o7076 
MPOPPLNOISSLA2S5S55BR1 41 TTL LI 1 Siti ss3e1 37084 
Mei 451342054111 46859055555555550000905039 
MOBO ITSLISOONNSSI7 BSL aii ii1tisi190d0od7ast 
LLL BALALLOBLLL9OS5SA7AGLAGIALLLL1100N0001A93 
LULVLA7SVISSLASSSASaL ILL AS55511, 44a44a7Qo?7 
LUAZLAPSLELOLLOSSABIONBLILLLLi ip 44ausuogga” 
reas AAAI ZA ASSSA8A ASL LLL itioaso0ngttso 
CSV 1 LAAs ANSSS7L ABest art paasadagy ay 
331224144941 935552131 532211112222223331192 
BLS2A5 Grassi il rr 7ses2acer ast Leet t assets 
Sete 2125 ASSSS A231 ASSL trite er iiss 
PUL QAALTOVS 3 Z2A5SSSASISSIALL UL irr1ieotsi26i112 
Mer FSIS S422 SS 7A SL SOS 31111011 0425113 
meme ehaSeS SIs e4SON HOM aNASSSt ili it tipeaeeds (a 
Mette TtISL ESS SSA OLS ititii1ita4apaea7y{ at 
Sot 2a FMA BUS FAD Fs ALA SL LAs MA azz gdu4as{ re 
GUAZL LASS LBOPABIOSATIZ22AANAI™N{ A201 1A Nd I {23 
SSi4tLG1tSir3sSSi7aasaparig¢igrr¢s1s1i1t14128 
SSPULL7OLISL 235552301 34d t11111144442254 99 
SBASRI7SL ASL eassSsssassitiltiit11221e4i ry st 
215162138555 251131111 1414444441132 
orn 22311135112555731132111 1114444446133 
mereee 17 516512¢e55995251215111 1590444a1914134 
924 2117512413255573%32331 11 111 44UN4N71 FG 
Serr 1 P51 Sse SSSS73s11 3111 11peas4ganay at 
geP 411752648) 23555721112111 f1149114446442 
eae a 7 SPSS | Sessa 1 1 212321 {214044145145 
MUA 2A7TSIS SL AS5SS a8 sar sri iris tti14400907153 
2383727515 33A35S5 2321 S011 I1N01LINNANINNOLISS 
AZSQVI ISLE SLSSLISTULS 33rd tr2ri14a4eddi15%6 


pi 
11 
a 
ri 
tit 
4 
(es 


leg 





S64212A2751 4311355521 1 WSS Sila > ele see eee 


M6422112125122555731 S511 ii eee ee 
L2AL AL TESA AzSBSSS7IL Lear it iit sdauddi 63 
LLL BLE7SPASLABSSST Ir SSL rrr rp oaaeaayy 4a 
Bt 11751151 335552101 sanity) sss see 
OY 222A ALLSLBZABSPAZAISIAi tr trtiii112417147 
SSOLLL ASL HS ZIASZOSSASSASTLALAL A prt s4eaeusit7e 
A5LALA7TSLSSh43358SSO31Y SAA sors p11 4edee1 73 
CHUA 7TSLIS1Ss98SS2aseeSsricii¢srtrers2r1it7s 
orn 11751341135558751331 1.10000009000006177 
Me 1751341339588 4551331111114119900007178 
2YP2A37SLS BL SASS S ABUT Ss eri iii t222dsaay79 
LS2LLLHOLA8NLeSSS7ILor Spirit rir 4saagady 7s 
ASAKSLI75IAEL 2 A58SSazr pr ssritiisitrer14ti17182 
1GPg (anrir111i1tt153048315559000909000004619e 
OSSLALALISSLSS55S5A7 Azria s rip aond4ay 196 
SSOALL7TSLASSL SSS tees ietii rt yaoadaeay97 
Axe zL 7S A248 BAASHATS4OAsSALLAL1L1 1122424926295 
183232141161 0229587377A150111111110090004205 
Weeeei751 259231111 a8ses2s2essssso4iitii17213 
132121 752MM a zASSS 78a srii titi pdaeadayars 
12313125124000558724212222333333090080082285 
55311 511590300501433350909000010009924227 
LEBALUALL S41 A585S5 23 ass Larsi trp auaadgdeaza 
Be 3275134123535 73512352111111113533337287 
AGAiLIATSLSZOSSISS 73S SA3L LAL paaaaadaaas 
eee 75S U2 z5SSs as Asstt iit 4uasduens7 
L23LIL SOL ORGLLOSSOR ry srt rrp tp saaada5a73 
SOA 2AOTHSAMGVZABSSHST7 1 ASsLILALLin0d0gs4eaodore7s 
S521 751241 saSSS5 a1 oS ili tt pp aap ada7a7s 
SSA Sr SLAM Az5SSA7 LSA rrr irr pees adayt art 
Meer aa SSO5LRESS5 251A SSL AlLiii1190ngdagr aa 
242210113535235557112121119990000090007290 
AUPALASPMMH ZL SZSSS Zo pass Larr itr p1as4adar gag 
PYPALL4LS PEO SZOSSA8V ASSL rtrd rt ads aee7ans 
Meme ai 751 25N3SS05S5 1 SAL 1oOA2etirtiti1anoal1asn7 
PUABPSTSL AMO SESS 5 Abst Sdrpt trast rrr aadaday ag 
OBL PSTOV ASS ZSSS ASL SSL tery rye adasay ang 
SSAL 2375S IGRLSSLSSAaL AL ALi pits tp eaaaday ata 
BSC ALAA SMU ZaS 4 pas esr ites ir Aagdeut aay 
15 2N e755 oH ASS ssi seritiitisr1i122e1ti73ais 
LALLILISISSLLLIS5 22 es z23g4 2211 rer r4e7sia 
POL AL7e ees AS SS ata Baril ies tasat153209 
LS4L AL TSI SSLSSSSS7ILASSLLIL ALL pps 4Aak8a73ZA3 
LOSZPL TH LOL t2S5SS7AS( SSL 21 isp pa seaadg7 gas 
Pere si Sth ASIISSS1 11 i sitlitites222aii{ i326 
POUL ALS A5L 2355S 6 sudesitariiis 1 44usuus3ea7 
soe 225523855 at asst r irri pr 4eaeasadana 
meerre cdot ea le e2S55e5 rt S21 iii ye) Wiss 
2U2ALLTISNSSONALASSASSLALSANIAAAAANANAANNT IAS 
C2P{ S211 A812 2555 281 SB5eAUt LIL pr 4aeeiay zag 
Seu AAT 85 F5eBS SM ahr st it eeearitirsi73ss 
QUUPALTSIZABASSSSARSA LILLE trp Sasdaay sss 
L6O4PAL1L TOAPAURSABSSS SASS SILL rrr pad sadg7 gan 


nO 





NZUAeAPPASLABSSSAL MAS ASSSF LL Arp pes ad udg7s © 
1222227012345 3452355705) Pisa tie 
231212751344 3054373111 2111127112223331453450 
$411127511813253556852333121111114634434397 
MeceeVTO1{SiLiSSSesd epee titi isa tit aa 
CSALISISI ALMA SSS2S AaB dip ri saa gdasyaas 
FPO AL TALS e555 2 seri aritliit ip a4asadataas 
meiiteie2r1isSt2sS5 1812 ta2iiititiiie2edee i aae 
SOI Br 751 AA UPSSS ea east rsirrriiaandqaqsaaasy 
OSSGAL TL AGL e2sddnnreyesass5saanaangaananniass 
SELL SS7OVAMUAZSSSP VAS Iridirstaudadaiass 
Rew 127S1S3SLASSSS73SARSIAALLi1i is 3s3dsa7a72 
Bee S75561S21555725 (SS titi ri rasan 7arse 
SELL A701 see Pars BAL Less Britt 16aas 
ZAV AL Srt iS SeSSSazzpossrt irri rip ¢saeadatp~age 
L2132275LLSL TALL Ss azozi ont isi rip eaaadayag? 
334415701 7501298513185330230010229019914501 
Ot 751655125551 300081111111119000005503 
TSJS2AL EMA agsSo7¢arsz¢iptirs1r11r4esrit1ssia 
22ALA07SISBGAZANCS TBI ASS sL Lt i1 {444444557 
2a PATS A ZZ 2a5§5a gsr 35 ir tir rt ts44asassiys 
ASLL1LA7SLASOsZOSS esis 12d0ananendsandi1sea 
mere 51605621343 55467113113111153492201115521 
ARL ALAN ALAS AS8SS ATA P Asari pari {da addi1 se 
AOSALLA7TSIS4L F359 5 11 besser isiri1p4edasadsag 
Me 111191 451191555631113912255555522222265277 
SSIALLINU SAL ASS57 32, SSL tri rit eaegeas gag 
Sau aL7S5 Les 22g5ss7szrSs50gni111110000001 842 
Le221L LMS AASSeA5SS5 A255 OSTA pp Aasodaaaysgaua 
SOLA L7SULSLOSNSS 7 IAL Arti tiit ipa dadaesas 
MALL PATSAAES A223 SAS Tyra ( i ssc i {ea2eceutss9 
mee 2701 de OAL OSS TS a22801L 1 NNN OS5900011 7570 
3414211111151 225557334349221511112223331571 
Meee (i S111 3129855712231 titi iii11eeaae as57e 
SSL ATSIC ATI SZSSS ARIAL ALATA Ghd sdas7s 
CSPLALAS LAL 22 Ozer Ssrriit iii tasa4addays77 
S21422751 380120854235 A5301 1 9000NANAONNNNLS 4b 
Bere 1S ASA eae S 2B 251 eetii2ediii2dia4saisaq 
2311 AATOM BAS AH SS STS LSS biii1t1900gnggason 
SLL 22781 SUN ABSSS ALS ALS iL r ri saaadassay 





LIST OF REFERENCES 


Auger, P., Current Trends In Scientific Research, UNESCO, New York, 


1975-6 


Chemical and Engineering News, R & D Expenditures in U.S. to Rise 
About 11% in 1976, p. 4, 5 January 1976. 


Chemical and Engineering News, Ford Budget Emphasizes Basic Research, 
p. 4, 26 January 1976. 


Chemical and Engineering News, Industry Support of R & D Up Markedly, 
p. 4, 2 February 1976. 


Commerce Today, Private R & D Investment Stimulus Sought in 


aa eee pn ek pe cp gS Sf RSS 


Experimental Program, v. 4, n. 14, p. 3-9, 15 April 1974. 


Das, C., On Determining Significant Factors for Use in Evaluating 
R & D Projects, Department of Operations Research, School of 
Nanagement, Case Western Reserve University, July 1969. 


Forbes, The Forbes 500s, p. 141-150, 15 May 1976. 


Fortune, The Fortune Directory of the 500 Largest U.S. Industrial 
Corporations, v. XCIII, n. 5, pe. 310-343, hiay 1976. 


Freeman, P. and Gear, A. Ee, "A Probabilistic Objective Function 


For R & B Portfolio Selection," Operational Research Quarterly, 
Ve Ce, Re 3 Pe 253-265, September 1971. 


Gellein, 0. S. and Newman, MW. S., Accounting For Research and 


Development Expenditures, American Institute of Certified 
Public Accountants, Inc., New York,1973. 


Gileson, T. A., "Space Is Not A Free Lunch -- But ...," Space 
Division Rockwell International, April 1976. 


Government Executive, Government R & D Funding: A Dismal Example 
of Mismanagement, p. 49-50, June 1976. 


Horwitch, M. and Prahalad, C., "Managing Technological Innovation - 


Three Ideal Modes," Sloan Management Review, v. 17, n. 2, 
pe 77-39, Winter 1976. 


Industrial Research, Opinion Poll Results, p. 73-75, January 1975. 


Johnson, &. A., "The Controllership Function," Management Accounting, 
ve 53, ne 9, pe 45-48, March 1972. 


ee 





Jones, P. M. S., "Selection and Monitoring of R.& D Programmes," 
Chemistry & Industry, The Society of Chemical Industry, London, 


Jones, R. Ro, "Brighter Outlook for R & D," Industrial Research, 
pe 54-55, January 1976. = 


Laserson, G. L. and Sperling, J., The Survival of R & D in American 
Industry, American Management Association, Inc., 19/2. 


Long, J. Re, "Study Urges Shakeup in BR & D Financing," Chemical 
and Engineering News, pe 19-20, 3 May 1976. 


McGlauchlin, L. D., "Long-Range Technical Planning," Harvard Business 
Review, v. 46, n. 4, p. 54-64, July/August 1968. 


National Science Board, Science Indicators 1974, National Science 
Foundation Report NSB=75-1, 10 December 1975. 


Nie, N., and others, Statistical Packare for the Social Sciences, 
McGraw-Hill Book Company, New York, 1975. 


quinn, J. B., Evaluating Research and Development, Tuck Bulletin 
No. 22, The Amos Tuck School of Business Administration, 


Dartmouth College, Hanover, New Hampshire, September 1959. 


Roman, D. D., Research And Development Management: The Economics and 


Administration of Technology, Appleton-Century-Crofts, New 
York, 1968. 


Salkovitz, E. I., Armstrong, Re. W., and Howe, J. P., Case Studies 


of ONR-Supported Research, Paper P-645, Institute for Defense 
Analyses, Arlington, Virginia, October 1970. 


Seiler, R. &., Improving the Effectiveness of Research and 
Development, McGraw-Hill Book Company, New York, 1965. 





Sharples, A., "The Role of Independent R & D Organisations," 


Chemistry and Industry, The Society of Chemical Industry, 
London, ne. 16, pe. 774-777, 18 August 1973. 


The Economist, Ungolden goose, p. 85, 6 September 1975. 





BIBLIOGKAPHY 


Allison, D., The R & D Game: Technical Men, Technical Managers, 


and Research Productivity, The i. I. T. Press, Cambridge, 
Massachusetts, 1969. 


Badgett, KR. S., The Allowability of Independent tesearch and 


Development (I BR and D) and Bid and Proposal (B and P) Costs, 
Naval Postgraduate School, September 1973. 


Baker, N. and Freeland, J., "Recent Advances in R & D Benefit 
Measurement and Project Selection Methods," Manazement Science, 
ve 21, ne 10, June 1975. 


Bennett, K. We, "R & D Has Already Found the Formula for Recovery," 
Iron Age, pe 33-34, 10 March 1975. 


Bethel, He. Be, An Overview of DOD Policy For and Administration of 


Independent Research and Development, Defense Systems 
Management School, May 1975. 


Business Week, Halting the Drift in R & D Policy, Industrial Edition 
No. 2370, McGraw-Hill, New York, p. 72, 3 March 1975. 


Byatt, I. C. R. and Cohen, A. V., An Attempt To Quantify The 


Economic Benefits Of Scientific Research, Her Majesty's 
Stationery Office, London, 1969. 


Carrese, L. MN. and Baker, C. G., "The Converyence Technique: A 
Method for the Planning and Prograuming of Research ifforts," 
Management Science, v. 13, n. 6, April 1967. 


Chemical and Engineering News, Some Manpower Shortages Seen for 
Energy R & D, pv. 12, 5 April 1976. 


Chemical and Engineering News, Federal R & D Has Minor Role in 
Innovation, pe. 16, 10 May 1976. 


Chemical and Engineering News, R & D Spending Abroad by U.S. Firms 
Rising, p. 6, 24 May 1976. 


Coleman, H. J., "Independent Research Critics Countered," Aviation 
Week & Space Technology, p. 47-50, 6 October 1975. 


Committee on Federal Laboratories, Performance Measures for Research 


and Development, Federal Council for Science and Technology, 
National Science Foundation, May 1973. 


Dapozny, Re J., hesearch and Development Supportiny U.S. National 
Security: <A Declining Process, Air War College, April 1975. 


124 





Director of Defense Research and Development, The Independent 


Research and Development Program, A Review of I Rk & D, 
June 1974. 


Drucker, P., and others, Department of the Army Letter on Manage- 
ment Practices, Office of the Comptroller of the Army, february 


1961. 


Dun's Review, The Five Best-Managed Companies, p. 41-51, December 
1975. 


Elderd, R. K., A Literature Survey: llow The Defense Department 
Awards Contracts and Grants for Basic Research, Georgia 


Institute of Technolovy, December 1967. 


Fisher, F. M. and Temin, P., "Returns to Scale in Research and 
Development: What Does the Schumpeterian Hypothesis Imply?" 


Journal of Political Economy, v. 81, n. 1l, p. 56, January/ 
February 1973. 


Grabowski, H. G. and Nevins, D. B., "Rivalry In Industrial Xesearch 
and Development - An Empirical Study," Journal of Industrial 
Economics, Ve 21, ne 3, Pe 209-235, July 1973. 


Johnson, R. Me, Research in Procurement, Rand Corporation, April 1967. 


Jones, Re. Re, "1975 R & D Forecast, Optimism is the word," Industrial 
Research, p. 30-34, January 1975. 


Leonard, W. N., "Research and Development in Industrial Growth," 


Journal of Political Economy, v. 79, ne 2, pe 232-256, March/ 
moril 1971. 


Leonard, We Ne, “Research and Development In Industrial Growth- 


Reply," Journal of Political tconomy, v. Sl, ne. 5, pe. 1249-1252 
September/October 1973. 


Loper, A. he, The Nation's R and D Effort, Army Lovistics ‘ianagement 
Center, December 19509. 


Luh, Me. J. Jr., "Forecasting and Budzeting in a Research Firm," 
Management Accounting, v. LIII, n. 12, p. 35-43, June 1972. 


Office of the Director of Defense Kesearch and Enpineering, Keport 
of the Task on Defense In-ilouse Laboratories, 1 July 1971. 


Parker, A. Je, Turban, &., and Flinn, R. A., "A Modified Managerial 
Eeonomic Analysis of Industrial Reseaich and Development 


Projects," The Enzineering Economist, v. 20, n. 3, p. 173-186, 
Spring 1975. 


Pelz, D. C. and Andrews, F. N., Scientists In Orcanizations- 
Productive Climates for R & D, John Wiley & Sons, Inc., New 
York, 19b6,. 





Preston, W. D., "Industrial Research from 1975 to 2050," Research 
and Management, p. 21-23, November 1974. © 

Quinn, J. B., Yardsticks for Industrial tesearch, The Ronald Press 
Company, New York, 1959. 


Quinn, J. B., Research and Development: Appraisal and Evaluation: 
A Review of, Air Force Institute of Technology, Wright- 


Patterson AFB, November 1970. 


Report To The Congress, By the Comptroller General of the United 


States, Operations Auditing by the Defense Contract Audit 


Agency -- Accomplishments, Problems, and Actions To Improve, 
United States General Accounting Office, “ashington, D.C., 


18 December 1975. 
Research Management, Pertinent Literature, p. 37, January 1976. 


Science News, Science Budget for ‘77: Boost for Research, v. 109, 


pe 52, 24 January 1976. 


Shapero, A., Howell, R., and Tombaugh, J., The Structure and Dynamics 


of the Defense R & D Industry, Stanford sesearch Institute, 
November 1965. 


Tilton, J. E., "Research and Development In Industrial Growth: A 


Comment," Journal of Political Economy, v. 81, n. 5, p. 1245- 
1248, September/Uctober 1973. 


Trazzo, C. L., Productivity of Defense RDT/E, Institute for Defense 
Analyses, October 1971. 


U. S. General Accounting Office, In-Depth Investization Into 


Independent Research and Develonuwent and Bid and Provosal 
Proyvrams, 16 August 1974, 


U. S. General Accounting Office, Department of Defense's Implementa- 
tion of Section 203, Public Law 91-441, May 1974, 


U. S. General Accounting Office, Independent Research and Develooment 


Allocations Should Not Absorb Costs of Commercial Development 
Work, 10 December 1974. 


U. Se General Accounting Office, Contractor's Independent Research 
and Development Proprams, July 1975. 


Walsh, Je, "1977 Budget: Rise in R & D Funds Includes Boost for Basic 
Research," Science, ve 191, p. 444-446, 6 February 1976. 


Walsh, J., "House Appropriations Subcommittee Cuts $50 Million Plus 
from Basic Research Section of NSF Funding Bill," Science News, 
ve 192, p. 764-765, 21 May 1976. 

Winstanley, J. N., "Synopsis ... The Place of 8 and D," Manavement 


Accounting, London, v. 53, ne 9, pe 357-58, March 1972. 


126 





Zerkel, F. H., "R & D Fares Well in Tight Budget Proposed by 


President Ford," Chemical and Engineering News, p. 14~18, 
17 February 1975. 


Zerkel, F. He, "R & D Grows 11% in Austere Ford Budget," Chemical 
and Engineering News, v. 54, n. 5, pe 12-16, 2 February 1976. 


Zerkel, F. H., "NSF Budget Bill Contains Some Surprises," Chemical 
and Engineering News, p. 13, 5 April 1976. 


Ih Zag) 





LO", 


INETIAL DISTRIBUTION LIST 


No. 


Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 


mibrary, Code “0212 
Naval Postgraduate School 
Monterey, California 93940 


Department Chairman, Code 54 
Department of Administrative Sciences 
Naval Postgraduate School 

Monterey, California 93940 


Naval Aviation Executive Institute 
Department of the Navy 

Naval Air Systems Command 
Washington, D.C. 20361 


Commanding Officer 
National Parachute Test Range 
Ee CGemero, CalsiGemnia 92243 


Commander 
Pacific Missile Test Center 
Point Mugu, California 93042 


Peoressor J. W. Creighton, Code 54Cf 
Department of Administrative Sciences 
Naval Postgraduate School 

Monterey, California 93940 


Eretessor J. A. Jolly, Code 54Jo 
Department of Administrative Sciences 
Naval Postgraduate School 

Monterey, California 93940 


Commander 

Naval Facilities Engineering Command 
Betn: Mr. Milon Essoglou, Rm. 12N41 
200 Stovall Street 

Hoffman Building No. 2 

Alexandria, Virginia 22332 


Dr. Stephen Laner 


oll scenic 
Berkeley, California 94/709 


2S 


Copies 





ili. 


2 


13s 


14. 


Lae 


iG 


ey 


Mr. Gene Early 
Civil Engineering Laboratory 
Port Hueneme, California 93043 


Commander 

Naval Facilities Engineering Command 
Attn: Mr. Tim Rohrer 

200 Stovall Street 

Hoffman Building No. 2 

Alexandria, Virginia 22332 


Mr. Frank F. Mangus, Director-Personnel 
AMAX INC. 

AMAX Center 

Greenwich, Connecticut 06830 


Mr. Frederick J. Kessler, Director Program Planning 
Merck Sharp and Dohme Research Lahoratories 
Rahway, New Jersey 0/7065 


Me. Alfred H. Nissan 
Westvaco 

299 Park Avenue 

New York, N.Y. 10017 


fie. Howard CC. Bish 
1500 Hamilton Avenue 
me Centro, California 92243 


Mr Joseph W. Wilson 


45 Willden Drive 
Camarillo, California 93010 


eee 

















Thesis 
F4495£ =Fish 

Cu A survey of indus- 
trial research and 
development budgeting, 
effort selection and 
evaluation. 


167018 














thesF44955 


DUDLEY KNOX LIBRARY 





